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Fore"word 


THE  period  of  evolution  of  the  automobile  doea  not 
Spin  many  years,  but  the  evolution  has  been  none 
the  less  spectacular  and  complete.  From  a  creature 
.  of  sudden  caprices  and  uncertain  behavior,  it  has  become 
today  a  well-behaved  thoroughbred  of  known  habits  and 
perfect  reliability.  The  driver  no  longer  needs  to  carry  war 
clothes  in  momentary  expectation  of  a  call  to  the  front, 
lie  aits  in  his  seat,  starts  his  motor  by  pressing  a  button 
with  his  hand  or  foot,  and  probably  for  weeks  on  end  will 
not  need  to  do  anything  more  serious  than  feed  his  animal 
gasoline  or  oil,  screw  up  a  few  grease  cups,  and  pump  up  a 
tire  or  two. 

C  And  yet,  tlie  traveling  along  this  road  of  reliability  and 
mechanical  perfection  has  not  been  easy,  and  the  grades 
have  not  been  negotiated  or  the  heights  reached  without 
many  trials  and  failures.  The  application  of  the  internal- 
combustion  motor,  the  electric  motor,  the  storage  battery, 
and  the  steam  engine  to  the  development  of  the  modem 
types  of  mechanically  propelled  road  carriages,  has  been  a 
far-reaching  engineering  problem  of  great  difficulty. 
?feveri;heless,  through  the  aid  of  the  best  scientific  and  me- 
chanical minds  in  this  and  other  countries,  every  detail 
has  received  the  amount  of  attention  necessary  to  make  it 
as  perfect  as  possible.  Eoad  troubles,  except  in  connection 
with  tires,  have  become  almost  negligible  and  even  the 
inexperienced  driver  who  knows  barelv  enough  to  keep  to  the 
road  and  ^hdt  gears  properiv  can  \enture  on  long  touring 
trips  without  fear  of  getting  strmlcd  The  refmementi 
in  the  Ignition  startmg  and  lighting  «)'»temi  ha\e  ad  led 
greatlj  to  the  pleasure  in  runnmg  the  car  Altogether  the 
automobile  as  a  whole  has  become  standardize  1  and  unless 
some  unforeseen  developments  are  brtught  about  future 
changes  in  either  the  gasoline  or  the  electric  automobile 
will  be  merely  along  the  lin*.  of  greater  refinement  of  the 
mechanical  and  electrical  devices  used  y^-,  h>    1l 


<L  Notwithstanding  tlic  high  degree  of  reliability  already 
spoken  of,  the  cars,  ob  they  get  older,  will  need  the  atten- 
tion of  the  repair  man.  This  is  particularly  true  of  the 
cars  two  and  three  seaaons  old.  A  special  effort,  therefore, 
lias  been  made  to  furnish  information  which  will  be  of  value 
to  the  men  whose  duty  it  is  to  revive  the  faltering  action  of 
the  motor  and  to  take  care  of  the  other  internal  troubles 
in  the  machine. 

C,  Special  effort  has  been  made  to  emphasize  the  treatment 
of  the  Electrical  Equipment  of  Gasoline  Cars,  not  only  be- 
cause it  is  in  this  direction  that  most  of  the  improvements 
Jmve  lately  taken  place,  but  also  because  this  department  of 
automobile  eonstrnction  is  least  familiar  to  the  repair  men 
and  others  interested  jn  the  details  of  the  automobile.  A 
multitude  of  diagrams  have  been  supplied  showing  the  con- 
structive features  and  wiring  circuits  of  the  principal  sys- 
tems. In  addition  to  this  instructive  section,  particular 
attention  is  called  to  the  articles  on  Welding,  Shop  In- 
fnrmatinu,  and  Garage  Design  and  Equipment. 
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:  ELECTRICAL  EQUIPMENT  FOR 
1  GASOLINE  CARS 

I  PART  II 

IGNITION 

FUNDAMENTAL  IGNITION  PRINCIPLES 
Faulty  Ignition  Cause  of  Much  Early  Trouble.  More  than 
.half  of  the  troubles  encountered  by  the  designers  and  the  drivers 
of  the  early  automobiles  were  the  direct  results  of  the  extremely 
crude  ignition  systems  at  first  adopted.  With  knowledge  of  gaso- 
line-motor operation  generally  scant  at  that  time)  much  of  this 
trouble  was  attributed  to  causes  entirely  foreign  to  its  real  source 
or,  on  general  principles,  the  motor  was  roundly  "cussed"  as  a 
deep  and  unfathomable  mystery.  Subsequently  it  became  plain 
that  much  of  this  inexplicable  tendency  to  balk  was  due  to  the 
elusiveness  of  the  electric  current.  Crude  insulation  and  contacts, 
inherently  defective  spark  plugs,  and  extremely  wasteful  current- 
handling  devices,  fed  from  a  weak  source,  were  the  causes. 

Distinctions  between  Low  Tension  and  High  Tension.  A 
low-tension  ignition  system  uses  a  low-tension  current — i.e.,  the 
output  of  a  battery  or 
small  generator,  em- 
ployed at  the  voltage  at 
which  it  was  produced, 
or,  in  other  words,  a 
primary  current.  A 
high-tension  uses  a 
high-voltage  current 
produced  by  passing 
the  output  of  the 
battery  or  other  source 
of  supply  through 
a  step-up  transformer  (induction  coil).  As  this  is  taken  from 
the    secondary   winding    of   the   coil,   it   is   sometimes  yif^^sf^^^ 
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82  ELECTRICAL  EQUIPMENT 

to  as  a  secondary  current  It  is  the  result  of  induction  and  is  com- 
monly termed  a  high-tendon  current  owing  to  its  great  voltage  or 
potential.  The  battery  produced  current  of  high  amperage  value 
at  6  to  8  volts,  which  after  being  passed  through  the  coil  became  a 
current  of  microscopic  amper^e  value  at  anywhere  from  10,000  to 
25,000  volts,  according  to  what  the  designer  of  the  coil  thought  was 
sufficient  potential  to  produce  a  good  spark,  that  is,  to  enable  it  to 
readily  jump  the  gap  m  the  points  of  the  plug.  The  curve,  Fig.  37, 
shows  the  voltage  necessary  to  force  a  spark  across  a  given  distance 
in  air  under  various  pr^sures. 

As  the  low-tension  current  will  not  jump  an  air  gap,  a  further 
distinction  between  the  two  systems  is  the  employment  of  totally 


I1(.  3S.  Dixgnm  of  Low-Teiuiau  Iisition  SysWm 

different  types  of  spark  plugs.  In  the  former,  a  mechanically 
operated  plug,  i.e.,  one  that  is  held  closed  until  the  maximum  current 
is  passing  through  it  and  is  then  suddenly  opened  by  being  mechan- 
ically tripped  by  a  cam  or  rod  operated  by  the  engine,  is  essential. 
Such  a  plug  produces  a  spark  that  is  immensely  superior  in  heating 
value  and,  consequently,  in  igniting  ability,  to  the  usual  thin  spark 
that  bridges  the  gap  of  a  high-tension  spark  plug.  But  this  most 
de^rable  quality  is  likewise  quickly  destructive  of  the  contact 
points,  necessitating  frequent  readjustment  of  the  mechanically 
operated  plugs.  Moreover,  the  mechanical  lag  or  time  element  of 
operation,  due  to  the  inertia  of  the  numerous  moving  parts,  rendered 
it  difficult  to  make  a  low-tension  spark  plug  suitable  for  .a  high- 
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speed  engine  without  resorting  to  the  most  expenave  machine  work, 
and  much  greater  skill  was  necessary  for  their  proper  adjustment. 
The  shortcomings  of  the  original  high-tension  systems  were  ao 
glaring,  however,  that  some  of 
the  most  successful  automo- 
biles of  earher  days  were  fitted 
with  low-tension  ignition. 

Low-Tensioii  System. 
Fig.  38  showsdiagrammatically 
the  essentials  of  a  tow-tension 
■s  system  for  a  single-cylinder 
■^  motor,  while  Fig.  39  shows  a 
complete  low-tension  system 
for  a  four-cylinder  motor.  The 
details  of  the  operating  mech- 
anism and  the  plug  are  shown 
in  Figs.  40  and  41.  Referring 
to  Fig.  38,  A  is  the  battery, 
S  is  a  spark  coil  (a  single 
coil  which  by  its  self-induc- 
tion develops  a  high-voltage 
spark),  and  C,  D,  and  E 
are  the  elements  of  a  make- 
and-break  device  that  is  me- 
chanically actuated  at  regular 
intervals  by  the  motor  itself 
to  produce  the  sparks  within 
the  cylinder.  As  shown  in  the 
drawing,  the  circuit  is  com- 
pleted by  grounding  the  wires 
from  one  side  of  the  battery 
on  the  cylinder  base,  or  any 
other  portion  of  the  machine, 
as  at  F.  In  this  figure  P  is  a 
small  insulated  plug  entering 
the  interior  of  the  cylinder,  usually  through  one  of  the  valve 
caps,  while  C  is  a  movable  arm  (see  also  Fig.  40),  that  makes 
and  breaks  contact  with  B,  at  the  point  E.  jwhen  i^^  r^V^  ft 
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slight  rocking  movement.  For  the 
best  results  this  rocking  movement 
must  be  very  sharp  and  rapid,  in  the 
nature  of  a  snap,  and  it  must,  of 
course,  be  correctly  timed  to  occur 
in  proper  relation  to  the  moment 
when  the  spark  is  required.  (See 
also  Fig.  41.) 

The  chief  advantage  of  low- 
tension  ignition  is  its  immunity  from 
troubles  caused  by  short-circuiting  by 
leakage  of  the  ciurent  through  poor 
insulation  or  across  moistened  termi- 
nals. This  led  to  its  almost  universal 
employment  on  motor  boats  for  a 
number  of  years,  but  it  has  since 
been  generally  abandoned  even  for 
marine  use  so  that  it  is  now  only  to 
be  found  on  stationary  engines,  the 
low  rotative  speeds  of  which  make 
it  practical.  So  far  as  the  automo- 
bile is  concerned,  the  low-tension 
system  is  only  of  historical  inter- 
est as  it  is  already  several  years  since 
it  was  wholly  discarded. 

High-Tension  System.  High- 
tension  ignition  systems  are  based  on 
the  fact  that  when  a  sufficiently  high 
potential  is  impressed  upon  a  current 
of  electricity,  it  will  leap  an  air  gap  or 
other  break  in  the  circuit  of  a  width 
dependent  upon  the  potential  or  volt- 
age itself.  In  bridging  such  a  gap, 
the  current  becomes  viable  in  the 
form  of  an  arc,  flash,  or  spark,  depend- 
ing upon  its  duration  and  intenaty, 
and  it  will  readily  ignite  a  gasoline 
or  other  gaseous  fuel  mixture     Its 


Tig.  40.    Mftke-iuid-BKAk  Mechanum 


ELECTRICAL  EQUIPMENT  85 

very  ability  to  do  so,  however,  was  one  of  the  most  prolific  sources  of 
trouble  in  the  early  days,  as  the  designer's  conception  of  the  insulation 
required  to  conduct  such  a  current  without  grounding  or  short- 
circuiting  was  far  from  approaching  the  reality. 

The  essentials  of  a  high-tension  system  are  shown  diagram- 
matically  in  Kg.  42.  Aia  the  source  of  current,  usually  a  battery  in 
earlier  days,  as  indicated  by  the  conventional  sign,  placed  in  s 
primary  circuit  that  also  includes  the  contact  maker  C,  the  primary 
winding  of  the  coil  B,  and  the  vibrator  G.  The  contact  maker  C  is 
poatively  driven  by  a  connection  with  some  revolving  part  of  the 
motor,  so  that  it  makes  contact  at  the  exact  time  ignition  is  required 
in  each  cylinder. 


^^^ 


Fig.  12.    Diserun  of  High-TenaioD  Ignition  System 

With  a  system  of  the  type  described,  when  contact  is  made  the 
first  result  is  attraction  of  the  vibrator  blade  E  by  the  magnetized 
core  H  of  the  coil.  This,  by  drawing  E  away  from  the  contact  screw 
G,  at  once  breaks  the  primary  circuit  again,  and  this  demagnetizes 
H,  with  the  result  that  E  again  springs  into  contact  with  G.  The 
effect  of  this  is  to  cause  a  rapid  series  of  current  surges  through  the 
coil  B,  as  long  as  the  contact  maker  C  maintains  the  contact. 

Each  time  a  surge  of  primary  current  passes  through  a  coil,  a 
secondary  current  of  very  high  voltage  is  induced  in  the  secondary 
circuit,  which  is  grounded  on  the  cylinder  at  F  and  connected  at  B 
with  the  spark  plug.  This  plug,  for  high-tension  ignition,  has  an 
open  gap  of  about  A  inch  at  I,  across  the  resistance  of  which  gap  the 
current  will  jump,  because  of  its  high  tension.  Ignition  is  thus 
effected  by  a  rapid  succes^on  of  sparks  across  /.  y^^>^.'^<^l^ 
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This  briefly  describes  what  may  be  termed  the  rudiments  of  a 
high-tension  ignition  system  and  the  diagram  shows  thdr  relation  to 
one  another.  Of  course,  this  amply  has  reference  to  a  single-cylin- 
der motor.  For  each  extra  cylinder  in  an  ignition  system  of  the  type 
illustrated,  there  is  another  contact  point  on  the  timer  and  another 
coil.  The  timer  or  contact  maker  is  sometimes  referred  to  as  an 
interrupter,  though  this  is  not  technically  correct  as  its  function  is 
first  to  close  the  drcuit.  , 

SOURCES  OF  CURRENT 

Up  to  about  1905,  batteries  were  universally  relied  upon  in  this 
country  for  ignition  work,  tHe  only  exceptions  to  this  being  a  few 
high-priced  imported  cars,  some  of  which  had  magnetos  operating 
low-tension  systems  with  the  so-called  make-and-break  spark  plugs, 
while  one  or  two,  notably  the  Fanhard,  was  equipped  with  the 
Eisemann  magneto,  designed  to  operate  a  non-vibrator  coil.  The  - 
writer  imported  the  second  of  these  magnetos  to  be  brought  mto  this 
country  in  the  latter  part  of  1902,  but  the  principles  of  its  operation 
were  so  little  understood,  despite  the  fact  that  the  magneto  had 
been  used  tn  hand-rin^g  telephones  for  a  generation,  that  auto- 
mobile designers  were  frankly  skeptical  regarding  it,  and  only  the 
few  electrical  men  then  in  the  industry  had  the  slightest  conception 
of  its  possibilities.  In  fact,  Mr.  J.  M.  Packard,  then  head  id  the 
Packard  Company,  was  the  first  man  out  of  dozens  to  whom  It  was 
shown  to  realize  what  the  magneto  meant  to  automobile  ignition. 

CHEMICAL  SOURCES  OF  CURRENT 
Primary  Batteries.  In  the  face  of  the  advent  of  the  magneto 
(1902),  the  majority  of  American  designers  preferred  to  stick  to  the 
battery,  usually  the  dry  cell.  The  term  dry  cell  b  really  a  mis- 
nomer, since  a  cell  of  this  type  consists  simply  of  a  zinc  element  con- 
stituting the  case  of  the  cell,  a  carbon  element  centered  within  this, 
and  an  electrolyte  composed  of  a  moist  paste  of  suitable  chemicals. 
The  top  of  the  celt  is  commonly  sealed  with  pitch  or  wax  compound 
to  prevent  the  moisture  from  evaporating,  and  if  by  any  chance  the 
cell  does  become  really  "dry",  its  usefulness  is  then  at  an  end. 

Defects  of  Dry  Cella.  The  chief  defect  of  the  dry  cell  is  that  it 
is  an  "open-circuit"  battery,  that  is,  the  circuit  is  normally  open 
and  when  closed  for  a  brief  period  the  celt  will  produce^^^vy,  ^U]> 
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rent,  at  a  low  voltage,  i.e.,  IJ  volts  on  the  average.  But  to  enable 
it  to  do  so,  the  time  of  contact  must  be  brief  and  the  periods  of  rest 
frequent.  Otherwise,  the  cell  becomes  "polarized".  The  hydrogen 
generated  as  the  zinc  element  passes  to  the  carbon  element  in  such 
volume  as  to  completely  cover  and  insulate  it  from  the  active  material 
of  the  cell,  consisting  of  a  solution  of  sal-ammoniac  and  water.  The 
use  of  a  depolarizer,  usually  manganese  dioxide,  prevents  this  to  a 
certain  extent,  but  not  sufficiently  to  avoid  having  the  current 
output  of  the  cell  tall  off  very  rapidly  if  the  contact  exceeds  a  few 
seconds.  But  as  soon  as  the  circuit  is  broken  again,  the  hydrogen  is 
rapidly  dissipated  and  the  cell  is  said  to  recuperate.  It  was  the 
marvelous  ahiUty  of  the  dry  cell  to  recuperate  rapidly  after  having 
been  run  down  to  a  point  where  it  no  longer  produced  sufficient 
current  to  pass  a  spark  at  the  plug,  that  led  to  so  much  dissatisfaction 
and  to  such  a  misunderstanding  of  the  gasoline  engine  in  the  earlier 
days.  With  the  extremely  wasteful  contact  makers  then  used,  a 
set  of  cells  would  run  an  engine  satisfactorily  for  an  hour  or  so,  then 
it  would  begin  to  miss  firing  badly  and  soon  stop.  Inspection  would 
reveal  no  sign  of  current.  If  a  new  battery  were  installed,  the 
en^ne  would  again  run  satisfactorily,  and  the  motorist  usually 
decided  that  the  old  cells  were  "dead".  If,  however,  the  inspection 
consumed  ten  or  fifteen  minutes,  the  battery  recuperated  and  upon 
being  cranked  the  engine  ag^n  ran,  only  to  repeat  the  performance 
a  short  time  later. 

Liquid  Batteries.  The  dry  cell  is,  of  course,  one  form  of  primary 
battery,  this  term  being  used  to  distinguish  it  from  other  forms  in 
which  the  exciting  chemicals  are  in  Hquid  solution.  Few  attempts 
have  been  made  to  employ  the  latter  type  of  battery  tor  automobile 
ignition,  due  to  the  violent  agitation  of  the  Hquid  which  would  neces- 
sarily ensue  from  the  vibration  and  jolting.  The  Edison-Lalande 
cell  and  a  few  others  of  similar  character,  in  which  the  cha^;ing 
chemicals  were  suppUed  in  convenient  units  ready  for  quick  replen- 
ishing when  the  battery  "died",  were  tried  in  isolated  instances  but 
never  met  with  general  application,  except  on  the  motor  boat,  where 
the  Edison-Lalande  cells  have  been  widely  used. 

Storage  Cells.  The  construction  and  advantages  of  the  storage 
cell  as  well  as  its  operation  and  handling  are  detailed  at  length  in 
the  section  on  "Electric  Vehicles".    Due  to  its  fibility  to,(^vi4?  a 
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veiy  much  greater  supply  of  current,  it  soon  displaced  the  dry  cell 
on  all  except  the  then  lower-priced  cars.  While  it  represented  a 
great  improvement,  the  wastefulness  of  the  contact  maker  and  of 
the  coil  vibrators  proved  too  much  of  a  druh  on  even  the  storage 
battery,  and  it  was  accordingly  displaced  by  the  magneto.  Since 
the  general  adoption  of  the  latter,  batteries  have  been  wholly  dis- 
cardetl  except  as  a  source  of  starting  current,  for  the  magneto  does 
not  generate  sufficient  current  at  a  low  speed  to  make  it  possible  to 
start  the  motor  without  "spinning"  it,  which  calls  for  considerable 
manual  effort.    Magneto  practice  is  given  in  a  succeeding  section. 

VOLTAQE  AND  SPARK  CONTROL  DEVICES 
Changes  in  Ignition  Methods.    Up  to  a  few  years  ago,  it  was 
generally  considered  that  the  magneto  practically  represented  the 


ultimate  type  of  ignition  current  generator  and  that  batteries  would 
never  play  anything  but  a  secondary  r6le.  Small  direct-current 
dynamos  had  been  tried  in  a  number  of  instances,  chiefly  prior  to 
the  advent  of  the  magneto,  but  they  were  not  then  sufficiently 
developed  for  this  form  of  service  and  proved  quite  as  unreliable 
as  the  dry  cell.  The  magneto  was  entirely  dependable,  made  possi- 
ble much  greater  speeds,  and  had  few  shortcomings,  none  of  which 
were"  of  a  serious  nature,  so  that  its  position  was  deemed  impregna- 
ble. This  was  prior  to  the  successful  development  of  electric-light- 
ing dynamos  on  the  automobile,  and  more  particularly  the  combined 
lighting  and  starting  systems  which  are  now  in  such  general  use. 
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The  latter,  in  conjunction  with  improved  fonns  of  contact  makers, 
has  been  responsible  for  brmging  about  a  reversion  to  former  practice 
with  improved  equipment. 

Contact  Makers  or  Timers.  RoUer  Contact  Timer.  It  was 
lai^ely  due  to  the  crudity  of  the  timing  device  that  so-  much  diffi- 
culty was  experienced  with  early  ignition  systems.  As  the  term 
indicates,  the  timer  closed  the  circuit  through  the  coil  at  exactly  the 
moment  necessary  to  produce  the  spark  in  the  cylinder  ready  to  fire. 
But  the  long  wiping  or  rolling  contact-  usually  employed  was  so 
wasteful  of  current  that  it  quickly 
exhausted  even  a  storage  battery. 
Fig.  43  shows  a  roller  contact 
timer.  The  coil  vibrators  were 
another  serious  soiirce  of  loss. 

Atwater-  Kent  Interrupter. 
The  difficulties  with  roller  con- 
tact led  to  the  adoption  of  a 
totally  different  prindple  em- 
bodied in  the  Atwater-Kent  in- 
terrupter, Fig,  44.  This  affords 
an  exceedingly  brief  contact  with 
an  abruptness  of  the  making  and 
breaking  of  the  circuit  that  is  not 
secured  with  any  other  device. 
The  effect  is  to  produce  a  strong  current  surge  and  a  heavy  spark, 
but  of  the  briefest  possible  duration. 

The  advantage  of  the  brief  duration  is  that  great  current  econ- 
omy is  Tealiz^.  The  fact  that  only  one  spark  is  required  for  each 
ignition  is  an  important  contributing  element  to  this  economy. 

With  the  Atwater-Kent  interrupter,  embodied  in  a  distributor 
termed  the  "Unisparker",  it  is  possible  to  run  a  car  much  further  on 
a  set  of  dry  cells  than  could  formerly  be  done  with  a  storage  bat- 
tery, two  to  three  thousand  miles  on  four  or  five  dry  cells  being 
nothing  uncommon.  This  has  led  to  the  development  of  other 
devices  along  similar  lines,  and,  with  the  unfailing  source  of  current 
now  provided, by  the  lighting  dynamo  and  the  storage  battery 
which  forms  part  of  the  system,  battery  ignition  has  been  raised  to 
a  level  where  it  is  now  almost  the  equal  of  the  magneto.    But  before 
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making  further  mention  of  that  phase  of  the  subject,  it  is  necessary  to 
refer  to  the  coil  in  order  to  give  a  clear  understanding  of  the  matter. 

Coils  and  Vibrators.  Function  qf  the  Coil.  Mention  has 
already  been  made  of  the  function  of  the  induction  coil  or  trans- 
former in  stepping  up  the  voltage  of  the  current  in  order  that  it  may 
bridge  the  gap  in  the  spark  plug.  A  coil  is  also  employed  in  connec- 
tion with  a  low-tension  system,  but  it  is  simply  a  single  winding  on 
an  iron  core  which  intensifies  the  current  by  what  is  known  as  self- 
induction.  Though  it  raises  the  voltage  by  what  may  be  termed 
the  accumulation  and  sudden  release  of  electrical  energy  acting  in 
conjunction  with  a  magnetized  core,  due  to  the  sudden  making  and 
brealdng  of  the  circuit,  it  is  not  an  induction  coil  as  that  term  is 
ordinarily  employed. 

As  shown  by  Fig.  42,  the  latter  has  two  distinct  windings,  one  of 
a  few  turns  of  comparatively  coarse  wire  and  the  other  of  many 
thousand  feet  of  exceedingly  fine  wire,  with  high-grade  silk  insula- 
tion. After  completing  the  coil,  consisting  of  two  superimposed 
windings  and  an  Iron-wire  core  passing  through  their  center,  it  is 
placed  in  a  wood  box  which  is  filled  with  melted  paraffine  wax  which, 
upon  solidifying,  greatly  enhances  the  resbting  power  of  the  insula- 
tion to  breakdown,  due  to  the  great  diflference  in  potential  between 
various  parts  of  the  secondary  winding.  To  set  up  an  induced 
current  in  the  secondary  winding,  the  primary  circuit  must  be 
quickly  opened  and  closed. 

Necessity  for  VtbTOtOT.  The  breaking  of  the  primary  circuit  is 
accomplished  by  the  use  of  a  vibrator,  a  typical  form  of  which  is 
illustrated  at  E,  G,  and  H,  Fig.  42.  This  consists  simply  of  the  thin 
blade  of  spring  steel  at  E,  provided  with  an  armature  at  the  free  end 
to  intensify  the  attraction  of  the  coil  H,  and  adjacent  to  the  adjust- 
ing screw  at  G,  by  which  the  distances  between  the  contact  points 
can  be  accurately  set.  In  addition  to  these  elements  it  is  usual  to 
provide  a  screw  adjustment  for  increasing  or  reducing  the  tension 
of  the  vibrator  blades. 

Contacts  in  the  best  vibrators  are  made  of  platinum,  or,  better 
still,  of  platinum-indium  alloys,  which  are  very  hard  as  well  as 
extremely  resistant  to  the  very  high,  though  brief  and  localized,  tem- 
peratures of  the  small  arcs  that  form  across  the  terminals  each  time 
the  contacts  are  separated.     In  cheaper  coils,  German  silver,  silver. 
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and  other  metals  often  are  mucli  used  for  contact  points,  but  the 
only  advantage  of  these  over  platinum  or  platinum  alloys  ia  their 
lower  price. 

ComplicaHon  of  MuUi-VibTotoT.    A  vibrator  coil  is  necessary 
for  each  cylinder,  each  coil  being  energized  aa  the  timer  passes  over 
the  contact  corresponding  to  it,  thus  putting  it  in  connection  with 
the  battery  at  the  moment  that  particular  cylinder  is  to  fire.    Fig, 
45  shows  a  four-unit  coil,  i.e.,  for  a  four-cyKnder  motor.    However, 
the  coil  cannot  act  before  its  core  becomes  "saturated",  that  is, 
thoroughly  magnetized,  and  it  must  then  pull  its  armature  down 
against  the  tension  of  its  spring,  so  that  there  is  both  an  electrical 
and  a  mechanical  lag,  or,  in  other  words,  an  appreciable  amount  of 
time  elapses  between  the  moment  the  circuit  is  closed  by  the  timer 
and  that  at  which  it  is  again 
broken  by  the  vibrator  to 
cause  the  spark  in  the  cylin- 
der.   A  dehcate  adjustment 
is  most  sensitive  and  mini- 
mizes the  lag  besides  econo- 
mizing on  current,  but  it  is 
difficult  to  maintain.     A  stiff 
adjustment,  on  theother  hand, 
will  remain  operative  for  a 
longer  time,  but  its  greater 
inerUa  makes  the  motor  sluggish  in  action  while  the  current  con- 
sumption is  increased  several  times  over.    Despite  the  use  of  plati- 
num contact  points,  the  heat  of  the  spark  is  such  that  the  latter 
bum  away  rapidly,  necessitating  frequent  adjustment.    As  it  is  next 
to  impossible  to  adjust  four  or  six  vibrators  so  that  they  will  operate 
uniformly,  it  will  be  apparent  why  the  vibrator  coil  was  given  up  as 
soon  as  the  magneto  demonstrated  that  it  was  not  a  mystery  beyond 
the  imderstanding  of  the  average  motorist.    The  vibrator  coil  is 
accordingly  obsolete  and  but  for  the  fact  that  its  existence  has  been 
extended  by  the  Ford,  it  would  probably  be  unknown  to  the  majority 
of  present-day  motorists. 

Master  Vibrator.  To  overcome  the  shortcomings  of  the  four- 
unit  vibrator  coil,  it  is  necessary  to  add  a  fifth  coil.  The  latter  is 
fitted  with  an  especially  sen^tive  and  well-made  vibrator  which 
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takes  the  place  of  the  four  vibrators  on  the  original  coils,  so  that 
the  extra  coil  is  termed  a  master  wbraior.  In  operation,  all  four  of 
the  original  vibrators  are  screwed  down  hard  so  as  to  make  a  per- 
manent connection,  and  the  fifth  coil  is  connected  in  the  primary 
drcuit  so  that  the  action  of  its  vibrator  breaks  the  circuit  in  the 
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primary  of  each  one  of  the  coils  in  turn.  It  is  accordingly  only 
necessary  to  adjust  a  single  vibrator,  and  regardless  of  whether  this 
adjustment  be  good  or  bad,  it  is  uniform  for  all  four  cylinders  so  that 
they  fire  with  the  same  timing.  But  at  the  best,  the  arrangement  is 
only  a  makeshift  as  the  vibrator  coil  long  ago 
ceased  to  have  any  legitimate  exciise  of  exist- 
ence on  the  automobile. 

Non-VihToioT  Coil.    As  the  term  indi- 
cates, this  is  simply  an  induction  coil  minus 
the  vibrator.    But  instead  of  using  four  coils, 
as  with  the  vibrator  type,  a  single  coil  is  em- 
ployed, and  a  distributor  is  inserted  in  the 
secondary  or  high-tendon  drciiit.    The  essen- 
tials of  such  a  system  are  shown  by  Fig.  40, 
a  battery  b^ng  indicated  as  the  source  of  cur- 
rent.   The  timer  C  is  driven  by  the  camshaft       ^-  * iHrt^b'lM'^™' 
of  the  motor  so  that  the  battery  circuit  is  suc- 
cessively closed  and  opened  in  the  usual  firing  order  of  the  cylinders, 
four  contacts  being  made  for  each  two  revolutions  of  a  four-cylinder 
four-cycle  motor.    The  contact  is  of  sufficient  duration  to  permit  the 
coil  to  "build  up",  i.e.,  to  have  its  soft  iron  core  become  thoroughly 
magnetized,  and  is  then  quickly  broken.  At  the  instant  that  the  latter 
oocursjthe  finger  J  of  the  distributor  is  pa^dngj  the  pc^f^,g^^tha 
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cylinder  ^  to  be  fired.  The  timer  and  distributor  must  accordingly 
be  driven  synchronously,  so  that  the  contacts  in  both  occur 
simultaneously.  This  b  accomphshed  by  combining  them  in  a 
single  unit,  as  shown  in  Fig.  47,  illustrating  the  Atwater-Kent 
"Unisparker",  or  as  in  the  various  types  of  magnetos  illustrated 
further  along. 

Limitations  of  current  supply  having  been  overcome  by  the 
adoption  of  the  magneto  or  the  storage  battery  kept  charged  by  the 
lighting  dynamo,  non-vibrator  coils  are  usually  wound  to  a  higher 
resistance  than  the  old  vibrator  coils,  so  as  to  produce  a  current  of 
higher  tension  in  the  secondary.     As  this  type  of  coil  requires  no 
adjustment,  it  is  generally  installed  horizontally  with  its  face  flush 
with  the  dash,  and  on  this  face 
is   mounted  the  switch  ^ving 
three  control  points,  i.e.,  neutral, 
battery  (for  starting),  and  mag- 
neto.   The  Remy  dash  coil.  Fig. 
48,  is  a  typical  example. 

Distributor.  This  is  simply 
a  modification  of  the  timer,  de- 
signed to  handle  the  high-tension 
current,  or  to  distribute  it  to  the 
different  plugs.  It  takes  the  place 
of  the  multi-unit  coil  in  which  an 


rw.  IS.    Remy  Sing's  Non- Vibrator  C 
Sbowios  Method  of  Inatkilation 


independent  coil  is  employed  for  each  cylinder.  Owing  to  the  high 
voltage  of  the  secondary  current,  actual  contact  is  not  necessary  in  a 
distributor,  a  small  gap  or  clearance  presenting  no  obstruction  to 
the  passage  of  the  high-tension  current,  so  that  wear  at  this  point  is 
avoided.  In  the  earlier  types,  a  brass  arm  passing  close  to  contact 
points,  or  sectors  embedded  in  hard  rubber,  was  usual.  Carbon 
brushes  making  contact  against  the  disk  by  means  of  light  springs, 
were  subsequently  adopted  and  are  now  commonly  used.  As  the 
carbon  is  very  hard  and  Its  contact  surface  becomes  glazed  by  the 
friction,  the  wear  is  practically  negligible.  The  complete  wiring  of 
a  distributor  system  is  shown  in  Fig.  46.  //  is  the  grounder  common- 
return  connection  of  the  secondary  circuit  and  K  is  the  connection 
to  the  distributor  /,  from  which  the  high-tension  current  is  distrib- 
uted 1:^  the  arm  J  to  the  spsik  plug  leads  D,  E,  F,  and  6. 
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Condenser.  The  condenser  is  technically  known  as  an  electrical 
"capacity"  in  that  it  has  the  ability  to  absorb  a  quantity  of  elec- 
tricity proportioned  to  the  area  of  its  conducting  surfaces  and  to  the 
nature  of  the  dielectric  employed.  This  property  is  utilized  to  absorb 
the  excess  current  passing  at  the  moment  the  primary  circuit  of  the 
ignition  system  is  opened  by  a  vibrator,  thus  brining  about  a  quick 
cessation  of  the  current  flow  and  preventing  the  destructive  arcing  or 
burning  that  would  otherwise  occur  at  the  contact  points.  The 
charge  thus  absorbed  is  immediately  returned  to  the  circuit  in  the 
form  of  a  discharge,  when  the  points  come  together  again  and  a 
higher  potential  value  is  impressed  upon  the  current.  A  condenser 
consists  of  conducting  surfaces  placed  between  insulating  surfaces, 
knoWn  as  the  dielectric.  For  ignition  work,  the  conducting  surfaces 
are  sheets  of  thin  tinfoil  cut 
with  conducting  tabs  which 
project  beyond  the  ends  of 
sheets  of  paraffined  paper  on 
which  the  tinfoil  is  placed. 
Between  each  two  sheets  of 
paraffined  paper  is  placed  a 
sheet  of  tinfoil,  the  latter 
being  arranged  so  that  the 

tabs  project  at  alternate  ends,  ^_  «,   aimtoh  ot  c 

Pig.  49.  The  paraffined  paper 
overlaps  the  tinfoil  all  around  to  the  extent  of  an  inch  or  more  to 
prevent  a  discharge  over  the  edges  of  the  sheets.  The  capacity  of  the 
condenser  depends  upon  the  number  and  the  size  of  the  sheets  of 
tinfoil  and  the  thinness  and  the  character  of  the  dielectric  separating 
them;  and,  when  a  sufficient  number  have  been  assembled,  the  pro- 
jecting tabs  at  each  end  are  riveted  or  clamped  together  and  a 
flexible  wire  lead  connected  to  each.  It  is  then  connected  in  mul- 
tiple with  the  vibrator,  and,  in  the  case  of  a  coil  is  inserted  in  the 
containing  case  of  the  latter  and  fiulher  insulated  as  well  as  held  in 
place  by  having  molten  paraffine  poured  around  it  so  as  to  fill  the 
space.  A  condenser  practically  eliminates  sparking  at  the  contact 
points  and  is  also  used  with  the  contact  breaker  of  a  magneto. 

Spark  Plugs.    No  small  part  of  the  trouble  experienced  with 
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plugs  employed.  Where  an  over-rich  mixture  is  delivered  by  the 
carbureter,  i.e.,  one  containing  too  much  gasoline  in  proportion  to  the 
air,  a  certain  amoimt  of  the  carbon  is  unbumed  and  remains  in  the 
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cylinder  in  the  form  of  soot.    This  is  greatly  increased  by  an  excess 
of  lubricating  oil  finding  its  way  into  the  combustion  chamber.   The 
heavier  carbons  of  this  burn  to  the  same  consistency  and  are  also 
deposited  on  the  piston  head,  cylin- 
der walls,  valves,  and  other  exposed 
surfaces  in  the  form  of  a  flint-hard 
coating.    The  end  of  the  spark  plug 
receives  its  share  and,  as  the  carbon 
is  an  excellent  conductor,  the  plug 
is  accordingly   short-circuited,    so 
that  the  current,  instead  of  jumping 
the  gap  between  the  points,  takes  a 
path  of  lower  resistance  across  the 
carbon-coated  insulating  surfaces. 
Fundamental  Requwite.     The 
spark  plug  is  the  "business  end"  of 
iSt  Sp^k*  '       ^'s^k      *    the  ignition  system  and  no  matter 
""  "*  how  elaborate  or  efBcient  the  essen- 

tials of  the  latter  may  be,  its  successful  operation  is  governed 
entirely  by  that  of  the  plug.  As  ori^nally  designed,  the  insulating 
material  filled  the  shell  at  the  sparking  end,  affording  a  direct  path 
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for  the  current  as  soon  as  this  small  surface  became  covered  with 
carbon.  Failure  was  accordingly  frequent,  it  being  nothing  unusual 
to  have  to  clean  such  a  plug  in  less  than  fifty  miles  of  running.  To 
overcome  this,  a  recess  was  allowed  between  the  insulation  of  the 
central  electrode  and  the  outer  shell.  This  simple  expedient  con- 
stitutes a  basic  patent  (Canfield)  under  which  all  spark  plugs  are 
manufactured.  Porcelain,  mica,  or  artificial  stone  Ja  used  as  the 
insulating  material,  the  first-named  being  most  generally  employed. 
This  is  made  in  various  forms,  as  shown  by  the  sections.  Figs.  50  and 
51,  and  it  will  be  noted  that  the  smaller  diameter  of  the  insulated 
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electrode  in  the  center  greatly  increases  the  area  of  the  surface  of 
both  shell  and  porcelain  that  must  be  coated  with  carbon  before  a 
path  is  formed  for  the  current. 

Electrode  Anangemeni.  Practice  also  varies  considerably  in 
the  arrangement  of  the  electrodes,  taking  the  form  of  open  points  as 
in  Fig.  52,  a  bridge  as  in  Fig.  50,  or  a  number  of  points  as  shown  in 
Figs.  51  and  53.  In  some  instances,  the  central  electrode  is  enclosed 
in  a  chamber,  the  gas  entering  through  a  small  hole  in  the  shell,  as 
shown  in  Fig.  54.  Considerable  advantage  is  claimed  for  the  type  of 
plug  having  a  plurality  of  gaps,  the  number  usually  being  three,  as 
shown  in  Fig.  55,  or  four  as  in  Fig.  53.  It  is  more  theoretical  than 
actual,  however,  as  the  current  always  takes  the  shortest  path  and  the 
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bridging  of  any  one  of  the  gaps  by  a  particle  of  conducUng  matOTal, 
such  as  carbon,  short-circuits  all  of  them. 

Series  Plugs.    As  shown  in  the  various  wiring  diagramS)  the 
shell  of  the  plug  is  one  of  the  electrodes  and 
forms  a  part  of  the  circuit  by  being  screwed  into 
the  cylinder,  the  latter  constituting  part  of  the 
common  ground  return  for  both  the  primary 
and  the  secondary  circuits  of  all  ignition  sys- 
tems.   Experiment  has  shown  a  slightly  in- 
creased power  resulting  from  the  simultaneous 
occurrence  of  two  sparks  in  different  parts  of 
the  combustion  chamber  of  the  cylinder,  espe- 
cially with  the  T-bead  type  of  cylinder  in  which 
the  two  plugs  can  be  located  in  the  oppositely 
placed  valve  ports.    This  is  termed  double- 
spark  ignition  and  the  type  of  magneto  de- 
signed for  this  purpose  is  described  in  the 
section  on  "Magnetos".    To  obtain  the  same 
^  B^t^il^'^"^        result  with thestandardignitioncircuitdesigned 
to  produce  but  one  spark  in  each  cylinder,  what 
is  known  as  a  "series"  type  of  plug  has  been  developed.    One  of  these 
is  shown  in  Fig.  56.  In  this  the  spark  occurs  between  two  central 
electrodes,  as  shown,  the  shell  not  forming  a  con- 
nection with  the  cylinder.  The  lead  from  the  dis- 
tributor is  attached  to  one  of  the  binding  posts  of 
this  plug  and  a  second  wire  connected  to  the  other 
binding  post  is  led  to  a  standard  type  of  plug,  thus 
completing  the  circuit  and  placing  both  plugs  in 
series  so  that  a  spark  occurs  simultaneously  in 
both.    By  means  of  an  attachment  as  shown  in 
Fig.  57,  this  type  of  plug  can  be  used  with  a 
grounded  return,  the  arm  shown  connecting  the 
shell  in  the  circuit.    As  the  majority  of  motors  now 
in  use  have  L-head  cylinders,  and  even  at  the  best 
c^v^^slri^''pi.S!'    *^^  advantage  gained  is  very  slight,  the  use  of 
series  plugs  has  not  a  great  deal  to  recommend  it. 
Magnetic  Plugs.     With  a  view  to  overcoming  the  defects  of 
the  mechanically  operated  make-and-break  plug  as  used  on  low- 
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tension  ignition  systems,  an  automatic  plug 
was  developed.  As  shown  by  the  section. 
Fig.  58,  this  Is  simply  a  solenoid  A  and 
plunger  C,  the  latter  being  held  in  contact 
at  i)  by  a  spring  B.  The  current  passing 
through  the  winding  A  lifts  the  plunger 
and  the  spark  occurs  at  B.  The  remainder 
of  the  system  consists  of  a  low-tension  mag- 
neto or  other  source  of  current  supply  and  a 
timer.  Such  plugs  have  been  used  to  some 
extent  on  stationary  engines,  but  have  not 
proved  practical  on  the  automobile  motor, 
as  the  high  temperatures  drew  the  temper 
of  the  plunger  spring  and  often  burned  out 
the  insulation  of  the  winding. 

Priming  Plugs.  For  low-priced  motors, 
such  as  the  Ford,  which  have  no  pet  cocks 
or  compression-release  cocks  on  the  cylin- 
ders, a  spark  plug  combined  with  a  pet  cock,     _    „T     .r    ■    M     ^1 

'        ^  ^      ^  ^  '       f^  53^  LoW'TecaioD  Magnetic 

such  as  that  shown  in  ^p"''  ^'"^ 

Fig.59,  canbe  had.  These  are  usually  known 
as  "priming"  plugs  In  that  they  permit  of 
priming  the  cylinder  with  gasoline  to  render 
starting  easy  in  cold  weather. 

Waterproof  Plugs.  Ignition  systems,  on 
motor-boat  engines  in  particular,  are  apt  to 
suffer  short-circuiting  from  spray  or  dampness, 
though  this  often  happens  on  the  automobile 
as  well  in  heavy  rainstorms.  To  guard  against 
this  a  so-called  waterproof  type  of  plug  is 
provided.  The  precaution  usually  takes  the 
form  of  a  hood  of  hard  rubber  or  other  insu- 
lating material  placed  over  the  connection,  as 
shown  In  Fig.  60. 

Plug    Threads.    European   practice   has 

standardized  a  straight-threaded   plug,  the 

thread  itself  usually  being  of  fine  pitch.    A 

BfoAPiiit  ^^       plug  of  this  kind  is  screwed  hon;efl^J^fl:^l^sket 
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of  copper  and  asbestos  or  of  the  latter  material  alone,  which  is  rehed 
upon  to  prevent  leakage.     Foreign  types  are  usually  referred  to  as 
"metric"  plugs,  as  the  thread  dimensions  are  based  on  the  metric 
standard.    As  developed  at  first  in  this  country,  all  spark  plugs 
were  made  with  an  "iron-pipe"  thread.    This  has  a  taper  of  three- 
fourths  inch  to  the  foot  and  the  plug  is 
screwed  into  the  cylinder  as  far  as  the  taper 
will  permit,  no  other  provision  being  made  to 
hold  the  compression.     As  this  is  a  crude 
expedient,    adopted    chiefly   because   of   its 
cheapness,  and  the  metric  standard  is  not 
employed  here,  an  SA.E,  standard  plug  has 
been  developed  along  the  same  lines,  both  the 
plug  diameter  and  the  thread  itself  being 
made    somewhat    larger    than    those    used 
abroad. 

Hydraulic  Analogy  in  an  Ignition  System. 
A  comparison  of  the  workings  of  an  ignition 
system  with  the  action  of  an  hydraulic  system 
having  similarly  related  parts  will  serve  to 
make  clear  the  operation  of  the  former.  It 
must  first  be  borne  in  mind  that  a  high-tension  ignition  system  consists 
of  a  source  of  current;  an  interrupter,  or  method  of  automatically 
breaking  the  circuit  of  this  current  supply,  timed  with  relation  to 
the  revolution  of  the  engine  crankshaft ;  a  condenser  to  suppress  the 
arc  at  the  interrupter  contacts;  a  transforming  device,  or  induction 
coil,  to  transform  a  current  of  comparatively  high  amperage  at  a  low 
potential  to  one  of  high  voltage;  a  device  for  distributing  this  high- 
tension  current  to  the  spark  plugs,  also  timed  with  relation  to  the 
crankshaft;  and  the  spark  plugs  themselves. 

Current.  The  electric  ciurent  in  the  ignition  system  may  be 
represented  by  water  flowing  in  a  pipe  from  a  source  of  supply  which 
puts  it  under  pressure,  corresponding  to  the  storage  battery.  A 
certain  amount  of  frictional  resistance  must  be  overcome  by  the 
water  in  flowing  through  the  pipe  and  this  is  equivalent  to  the 
electrical  resistance  of  the  wiring  in  the  ignition  circuit.  The  rate 
of  water  flow  in  the  pipe  corresponds  to  the  current  in  the  coil,  and 

the  inertia  of  the  water  to  the  inductance  of  the  primary  windmg  of 

I.I  ij,.  ,,    1  .     ^ 
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the  induction  coil.  Now,  if  the  flow  of  water  be  suddenly  stopped, 
there  will  be  an  enormous  increase  in  the  pressure,  due  to  the  inertia 
of  the  water.  This  effect,  known  as  waier  hammer,  is  commonly- 
noticed  in  the  larger  sizeg  of  pipes  carrying  water  under  considerable 
pressure.  It  corresponds  to  the  great  increase  in  the  pressure,  or 
voltage,  which  takes  pla«e  when  the  flow  of  current  in  the  primary 
of  the  ignition  circuit  is  opened  suddenly  by  the  interrupter.  This 
is  due  to  the  inductance  in  the  coil.  A  quick-closing  valve  in  the 
water  system  would  accordingly  correspond  to  the  timer  contacts 
which  interrupt  the  current  in  the  primary  of  the  induction  coil. 

Office  of  CondetweT.  There  is  one  peculiar. tendency  of  timer 
contacts  which  must  be  mentioned  here  to  make  the  analogy  more 
complete.  Unless  protected  by  a  condenser,  they  are  apt  to  burn 
away  very  rapidly,  due  to  the  arc  produced  by  the  current  at  the 
moment  of  separation.  (This  is  also  true  of  the  contacts  of  the  battery 
cut-out  and  of  the  regulator  employed  in  connection  with  starting  and 
lighting  systems;  the  condenser  does  not  eliminate  this  tendency  to 
bum  away  but  reduces  it  to  a  minimum.)  This  failing  on  the  part 
of  the  timer  contacts  would  correspond  in  the  hydraulic  system  to  a 
valve  with  a  very  thin  edge  which  would  be  liable  to  bend  under  the 
sudden  rise  in  pressure  before  it  is  fully  closed.  In  the  case  of  both 
systems,  therefore,  it  is  necessary  to  arrange  for  some  protection, 
and  a  condenser  is  supplied  for  this  purpose  in  the  ignition  system. 

In  the  hydraulic  system,  it  takes  the  form  of  a  surge  chamber,  as 
shown  in  Fig.  61.  This  chamber  has  an  elastic  diaphragm  centrally 
placed  in  it,  and  the  chamber  itself  is  shunted,  or  connected,  around 
the  valve  in  the  same  manner  as  the  condenser  b  connected  to  the 
contact  points.  When  the  valve  begins  to  close,  this  surge  chamber 
relieves  the  pressure  to  some  extent  during  the  operation  of  closing 
the  valve  and  so  protects  the  thin  edge  of  the  valve  from  bending. 
After  the  valve  b  fully  closed,  there  is,  of  course,  no  further  danger 
of  its  being  bent  over.  In  the  electrical  system,  the  condenser 
supplies  similar  protection,  reducing  the  voltage  at  the  timer  contacts 
at  the  moment  of  separation  and  keeping  this  voltage  reduced  imtil 
they  are  fully  open,  thus  preventing  the  current  from  bridging  the 
gap,  or  arcing.  Once  the  contacts  are  fully  separated,  the  low-tension 
current  cannot  jump  the  air  gap,  so  that  there  is  no  further  danger 
of  their  burning.  u,,,    n  \^^\.'y.>wi^ 
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Transformer.  In  order  to  utilize  the  pressure  produced  by  the 
sudden  closing  of  the  valve,  it  is  necessary  to  provide  some  trans- 
forming device,  such  as  a  pressure  chamber.  This  is  illustrated  in 
Fig.  61,  and  it  will  be  noted  that  it  b  of  a  much  larger  diameter  than 
the  pipe.  As  the  pressure  in  the  chamber  and  the  pressure  in  the 
pipe  will  both  have  some  unit  value  (measured  in  pounds  per  square 
inch),  the  total  pressure  on  the  piston  will  be  to  the  pressure  in  the 
pipe  as  the  area  of  the  piston  is  to  the  area  of  the  pipe.  By  the  use 
of  a  pressure  chamber  of  large  diameter,  compared  to  that  of  the 
pipe,  a  very  considerable  force  is  applied  to  the  piston,  but  tiie 


distance  it  will  travel  is  very  slight.    (To  simplify  matters,  the  weight 
of  the  piston  is  disregarded  in  this  connection.) 

It  is  likewise  necessary  to  provide  a  transforming  device  in  the 
ignition  system,  and,  in  the  case  of  both  magneto  and  modem  battery 
systems,  thb  is  the  induction  coil,  having  a  relatively  large  number 
of  turns  in  the  secondary  winding  and  a  comparatively  small  number 
of  turns  in  the  primary.  -  (In  the  earlier  battery  system,  a  vibrating 
coil  is  used  for  each  cylinder  and  there  is  no  distributor,  while  in  the 
true  high-tension  magneto,  the  coil  is  part  of  the  armature  winding.) 
Just  as  in  the  hydraulic  system  the  increased  area  of  the  piston  is 
responsible  for  the  increased  total  pressure  on  it,  so  the  large  number 
of  turns  in  the  secondary  of  the  coil  give  the  very  high  voltage 
rei^uired  to  enable  the  current  to  bridge  the  air  gap  at  the  spark  plugs. 
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This  high  voltage  is  accompanied  by  a  very  small  amount  oF  cmrent, 
just  as  in  the  hydraulic  system  the  greatly  increased  pressure  on  the 
piston  produces  but  a  very  slight  movement  of  the  latter.  This  rise  in 
the  voltage  and  decrease  in  the  current  can  be  made  clear  by  a  brief 
explanation.  By  the  principles  of  induction,  a  current  flowing  in  the 
primary  coil  will  induce  a  current  in  the  secondary  coil.  The  energy 
of  these  currents  in  watts  is  equal  to  the  electromotive  force  in  volts 
times  the  current  in  amperes.  Now,  as  the  transformer  cannot  create 
electrical  energy,  the  energy  of  the  transformed  current  must  equal 
the  energy  of  the  current  before  it  is  transformed,  barring  a  small  loss 
within  the  transformer.  This  means  that  if  the  voltage  of  the  cur- 
rent is  raised  from  6  volts,  say,  in  the  primary  to  6000  volts  in  the 
secondary  (that  is,  made  one  thousand  times  greater),  the  amperage 
of  the  primary  current  must  be  correspondingly  reduced  from 
2  amperes,  say,  to  .002.  In  other  words,  the  product  of  the  current 
and  electromotive  force  must  be  always  the  same  before  and  after 
transformation. 

INDUCTION  SOURCES  OF  IGNITION  CURRENT— MAGNETOS 

■Owing  to  the  failure  of  either  dry  cells  or  stor^e  batteries  to 
supply  sufficient  current  to  operate  the  wasteful  contact  devices  at 
first  employed,  mechanically  driven  current  generators  were  adopted. 
American  practice  at  first  favored  the  small,  high-speed  direct- 
current  dynamo,  but  as  proper  regulating  devices  had  not  then  been 
developed,  it  was  not  successful,  chiefly  because  its  speed  range  was 
so  limited.  Few  of  these  little  djTiamos  generated  sufficient  current 
at  less  than  1200  r.p.m.  to  ignite  the  charge  in  the  cylinder,  so  that 
at  slow  speeds  they  would  not  run  the  motor.  If  run  much  faster, 
they  burned  out  and  were  accordingly  abandoned. 

Working  Principle.  The  magneto  is  simply  a  small  dynamo 
in  which  the  fields  consist  of  permanent  magnets,  instead  of  electro- 
magnets, the  cores  of  which  only  become  magnetic  when  a  current 
is  passed  through  their  windings.  Hard  steel,  particularly  when 
alloyed  with  tungsten,  retains  a  very  substantial  percentage  of  its 
magnetism,  after  having  been  once  magnetized  by  contact  with  a 
powerful  electromagnet.  Its  retaining  power  is  further  increased  by 
placing  a  "keeper",  or  armature,  across  the  poles,  or  ends.  The 
advantage  of  a  permanent  field  for  magneto  use  is  that  it  is  at  its 
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maximum  inten^ty  regardless  of  how  slowly  the  armature  is  revolv- 
ing so  that  a  good  spark  is  produced  at  very  low  speeds;  while  its 
initial  value  cannot  be  exceeded  no  matter  how  fast  the  machine  \s 
run,  so  that  the  armature  winding  cannot  be  burned  out.     All 
magnetos  generate  an  alternating  current  so  that 
when  used  with  a  coil  there  is  no  necessity  of  fre- 
quently making  and  breaking  the  circuit,  as  is  done 
by  the  vibrator  of  a  coil  handling  direct  current, 
the  alternate  surges  of  current  from  zero  to  maxi- 
mum of  opposite  polarity  producing  the  same  effect 
mOTe  eflSciently. 

Low-Tension  Mi^neto.  A  low-tension  magneto 
is  nothing  more  or  less  than  the  simple  instrument      ^,^c5S™t 
which  formed  part  of  the  thousands  of  telephones  B««i«f 

of  the  hand-ringing  type  still  to  be  found  in  rural  districts.  Built 
with  more  powerful  magnets  and  wound  to  give  a  greater  current 
output  at  a  lower  voltage,  it  was  employed  in  connection  with  low- 
tension  ignition  systems.    A  magneto  of  this  type  is  illustrated  by 


Fig.    03.    CoDtoot  Breaker  of  mgh-Teui 


Fig.  39.  As  the  mechanically  operated  make-and-break  plugs  are 
timed,  the  magneto  is  simply  /evolved  continuously  without  refer- 
ence to  *3i2  Motor  timing,  the  current  being  constantly  delivered  to 
che  drcuit  through  the  usual  collector  ring  and  brushes.    Magnetos 
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erf  thia  type  are  still  used  to  a  greater  or  less  extent  on  large,  slow- 
speed  stationary  engines. 

High-Tension  Magneto.  Essentially  all  magnetos  are  the 
same:  that  is,  they  have  a  permanent  magnet  field  and  a  two-pole 
anDiature.  In  what  may  be  best  identified  by  terming  it  the  true 
highrtetmon  type,  there  are  two  windings  on  this  armature,  a  primary 
winding  of  comparatively  coarse  wire  in  which  the  current  is  gener- 
ated, and  a  secondary  winding  of  fine  wire,  the  same  as  an  induction 
coil.  A  magneto  of  this  type  is  timed  with  the  motor  according  to 
the  number  of  cylinders,  being  driven  at  crankshaft  speed  in  the 
case  of  a  four-cylinder  motor  and  at  one  and  a  half  times  crankshaft 
speed  in  the  case  of  a  six.  In  addition  to  the  usual  current-collecting 
device,  it  ia  equipped  with  a  contact  breaker  or  int«rnipter,  such  as 
that  shown  in  Fig.  62,  which  is  part  of  a  Remy  magneto.  Fig.  63 
show^  the  same  essential  of  a  Bosch  light-car  type  magneto.  Except 
at  the  point  in  the  revolution  at  which  the  spark  is  to  occur  in  the 
cylinder,  the  armature  circuit  is  normally  short-circuited  upon 
itself.  Thb  permits  it  to  "build  up",  so  to  speak;  that  is,  as  the 
armature  poles  come  within  the  most  intense  part  of  the  field,  the 
current  in  the  armature  winding  reaches  its  maximum  value  and, 
at  this  moment,  the  contact  points  of  the  breaker  are  opened  and  a 
strong  ciuTcnt  is  induced  in  the  secondary  winding.  As  the  dis- 
tributor runs  synchronously  with  the  contact  breaker,  the  circuit 
to  one  of  the  plugs  is  closed  at  the  same  time  the  spark  occurs  at  it. 

Description  of  True  High-  Tension  Type.  A  sectional  view  of  a 
true  high-tension  magneto  is  shown  in  Fig.  64.  In  this  the  primary 
and  the  secondary  windings  on  the  shuttle  armature  are  entirely 
separate  to  insure  better  insulation.  These  windings  are  not  shown 
in  section  in  the  illustration,  the  usual  insulating  tape  winding  being 
indicated  on  the  armature.  Twice  during  every  revolution  of  the 
armature,  the  primary  circuit  is  opened  at  the  platinum  points  PP 
of  the  circuit  breaker,  the  interruption  occurring  substantially  at  the 
moment  when  the  primary  current  is  at  its  maximum.  From  the 
primary  winding,  the  current  is  conducted  to  the  stationary  member 
of  the  contact  breaker  C  through  the  terminal  B.  A  is  the  condenser. 
One  terminal  of  the  secondary  winding  is  connected  to  the  end  of  the 
primary  winding,  as  in  a  coil,  and  the  other  connects  with  the  high- 
tension  collector  ring  D,  from  which  it  is  conducted  tbrougl\a  ^cMfjon 
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brush  to  the  brush  of  the  distributor  above  it  for  distribution  to  the 
four  brass  segments  in  the  distributor  plate  E,   These  segments  are 
connected  to  the  four  terminals  shown  extending  above  the  magneto 
in  the  end  view  at  the  right  and  from  them  the  usual  high-tension 
cables  are  led  to  the  plugs.   The  distributor  is  driven  from  the  arma- 
ture shaft  of  the  magneto  through  2  to  1  gearing  so  that  it  only 
makes  one  revolution  for  two  turns  of  the  crankshaft  in  the  case  of 
four-cylinder  four-cycle  motor,  as  in  the  latter  but  two  explosions 
occur  per  revolution.    To  vary  the  time  of  occurrence  of  the  spark  in 
the  cylinders,  the  contact 
breaker    may    be    turned 
through  part  of  a  revolution 
by  means  of  a  rod  and 
linkage  fastened  to  one  of 
the  extensions  of  the  con- 
tact breaker  box,  as  shown 
in  the  end  view.    This  con- 
nects with  the  spark  timing 
lever  on  the  steering  wheel 
and,  to  stop  the  action  of 
the   magneto,    it    is    only 
necessary  to  move  this  lever 
to  the  extreme  retard  posi- 
tion, which  brings  the  spring 
G  in  contact  with  die  bolt 
H  and    short-circuits    the 
secondary  winding. 

The  magneto,  Fig.  65, 
differs  from  the  section.  Fig.  63,  chiefly  in  detail.  The  vertical  plug 
just  back  of  the  contact-breaker  box  incorporates  the  safety  gap. 
Typical  Iligh-Termon  Magtieto  Circuit.  Fig.  66  is  the  wiring 
diagram  for  a  high-tension  system,  using  a  true  high-tension  type 
magneto.  C  and  B  are  the  wires  of  the  primary  circuit,  in  which  cir- 
cuit there  are  also  included,  besides  the  current-generating  coils  of 
the  armature,  an  induction  coil  built  into  the  magneto,  for  raising 
the  current  tension,  and  a  contact  breaker  E,  which  is  carried  on  the 
same  revolving  spindle  that  bears  the  armature.  The  dotted  lines 
indicate  the  ground  ""^urn.  un  i^  n  ,  v^iv_n_ivii^ 
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HighrTension  Type  with  Coil.  This  is  not  actually  a  high- 
tension  magneto,  properly  so-called,  as  it  only  generates  a  low-tension 
current,  which  is  subsequently  stepped  up  through  a  transformer  or 
Qon-vibrator  coil,  but  it  is  conmionly  so  termed  as  it  is  always  used  in 
connection  with  a  high-tension  ignition  system.  In  this  case  there  is 
only  a  single  winding  on  the  armature  and  the  current  Is  led  from  the 
latter  through  the  usual  contact  breaker  and  then  to  an  independent 
coil,  generally  located  on  the  dash.  The  condenser  is  combined  with 
the  coil,  and  from  the  latter  the  high-tension  current  is  led  back  to 
the  magneto  to  be  distributed.    Owing  to  its  lower  cost,  this  type  of 


Fig,    66.    Wiring  Diaeram  o(  Hiffh-l  I 
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magneto  is  probably  more  generally  employed,  especially  on  medium- 
priced  American  cars,  than  any  other. 

Safety  Gap.  If  the  current  induced  in  the  secondary  winding  of 
an  induction  coil  meet  with  a  resistance  in  the  outer  circuit  in  which 
the  coil  is  connected,  greater  than  the  resistance  presented  by  the 
insulation  of  its  own  windings,  it  will  puncture  this  insulation  and  the 
expensive  coil  will  be  ruined.  The  placing  of  such  a  resistance  in  the 
high-tension  circuit  occurs  when  the  connection  of  a  spark  plug  is 
removed  from  the  plug  terminal  and  is  allowed  to  dangle  in  the  air 
beside  the  motor  and,  unless  this  were  guarded  against,  it  would 
result  in  the  breakdown  <^  the  ignition  system.  The  precaution  takes 
the  form  of  a  safety  gap.  This  is  an  opening  inserted  in  the  cu-cuit, 
and  its  length  is  based  on  the  safe  maximum  distance  that  the,^ 


108  ELECTRICAL  EQUIPMENT 

can  bridge  in  normally  dry  air.  A  safety  gap  of  this  kind  is  shown  at 
F  in  Fig.  64.  In  the  type  of  magneto  ju3t  described  above  it  is 
embodied  m  the  coil.  When  an  opening  at  any  point  in  the  high- 
tension  circuit  exceeds  the  length  of  this  gap,  the  cmrent  takes  the 
path  thus  provTded,  thus  preventing  the  imposition  of  an  excessive 
strain  upon  the  insulation  of  the  secondaiy  windings. 

Wiring  Connectiom.  For  the  actual  operation  of  an  induction  coil, 
there  is  no  necessity  for  any  electrical  connection  between  the  primary 
and  the  secondary  windings,  the  electrical  energy  being  transferred 
from  one  to  the  other  entirely  by  induction,  i.e.,  through  the  inter- 
mediary of  the  magnetic  lines  of  force  which  interlink  both.  How- 
ever, for  the  sake  of  simplicity  of  external  connections,  the  beginning 
of  the  secondary  winding  is  usually  connected  to  the  end  of  the 
primary.  Both  the  primary  and  the  secondary  drcuits  have  a 
"ground  return",  which  necessitates  that  one  end  of  both  the  primary 
and  the  secondary  winding  of  the  coil  be  placed  in  positive  metallic 
connection  with  the  engine  or  car  frame.  By  connecting  the  two 
windings,  as  mentioned,  a  single  wire  serves  to  ground  both.  The 
average  coil,  therefore,  has  only  three  terminals,  i.e.,  one  primary,  one 
secondary,  and  one  common  ground  connection. 

On  cars  that  are  provided  with  magneto  ignition  alone,  as  is  the 
case  with  French  taxicabs  and  many  other  French  light  cars,  there 
would  be  only  two  connections  between  the  magneto  and  the  coil, 
one  primary  and  one  secondary;  one  connection  from  the  coil  to  a 
ground,  as  the  motor  or  frame;  and  four  connections  direct  from  the 
magneto  distributor  to  the  spark  plugs.  This  represents  an  ignition 
system  reduced  to  its  lowest  terms  of  simplicity.  As  a  matter  of  fact, 
it  is  even  more  simple  in  reality,  as  most  French  cars  use  the  true 
high-tension  type  of  magneto  so  that  the  four  leads  from  the  magneto 
to  the  plugs  are  the  only  external  wires  in  evidence.  Unless  a  mag- 
neto is  in  excellent  condition,  however — and  the  magnets  lose  their 
strength  more  or  less  rapidly  under  the  influence  of  the  heat  and 
vibration — too  much  effort  is  required  to  start  the  motor.  American 
manufacturers  accordingly  supply  a  battery  for  starting  purposes, 
and  on  some  of  the  high-priced  cars  tiiis  takes  the  form  of  an  entirely 
independent  battery  ignition  system,  i.e.,  having  a  battery,  coil, 
timer,  distributor,  and  a  separate  set  of  spark  plugs.  It  also  con- 
stitutes an  emergency  system  that  may  be  resorted  to  in  case  of  a 
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breakdown  of  the  magneto,  but  the  latter  is  30  rare  and  the  cost 
and  complication  of  the  extra  system  are  such  that  the  latter  is  not 
generally  used.  Instead,  the  magneto  coil,  contact  breaker,  and 
distributor  are  utilized  with  the  battery  as  the  source  of  current. 
In(luctor-T}i>e  Magneto.  Mention  has  been  made  in  the  intro- 
ductory of  the  fact  that  if  a  coil  of  wire  be  moved  so  as  to  cut  the 
lines  of  force  of  a  magnetic  field,  an  e.m.f.  will  be  induced  in  the 
wire.  If,  instead  of  moving  the  wire,  a  magnetic  flux  be  made  to 
pass  through  it  first  in  one  direction  and  then  in  the  other,  the  same 
residt  will  be  obtained,  i.e.,  an  alternating  e.m.f.  will  be  produced. 


and,  if  .the  wires  be  connected  to  an  outside  resistance,  a  current 
will  flow.  This  b  the  principle  of  the  inditdor  moffneto  which  is  so 
termed  because  the  current  is  induced  in  its  winding  instead  of  beii^ 
directly  generated  in  the  latter. 

Typical  ConstTUcHon  Details  and  Current  Prodvctton.  The 
magnetic  field  b  produced  by  permanent  magnets  in  the  same 
manner  as  on  other  types  of  magnetos  and  a  mass  of  laminated  soft 
iron  is  rotated  between  the  pole  pieces  while  the  winding  b  station- 
ary. The  moving  element  is  termed  the  rotor,  and  this  part  of  the 
K-W  high-tension  magneto  is  shown  in  Fig.  67.    The  stationary 
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wmding  in  the  center  is  mounted  on  the  shaft  of  the  rotor  and  con- 
sbts  of  a  primary  and  secondary  coil. 

There  is  no  mechanical  or  electrical  connectiop  between  the 
windings  and  the  rotor  shaft,  nor  between  the  laminated  blocks  of 
the  rotor  and  the  windings.  As  shown  In  the  illustration  ^ese  are 
placed  at  right  angles  to  one  another  and  are  riveted  to  the  shaft. 
It  will  be  evident  that  in  the  position  shown  in  the  illustration  the 
right-hand  member  of  the  rotor  will  be  bridging  the  pole  pieces  of 


the  magnetic  field;  by  giving  the  shaft  a  quarter  turn  the  two  rotor 
members  will  have  their  ends  facing  opposite  poles  of  the  magnetic 
field,  thus  completing  the  magnetic  circuit  through  the  center  of 
the  windings.  Consequently,  a  current  wave  will  be  produced  each 
time  the  rotor  revolves  through  a  quarter-turn,  or  90  degrees,  so 
that  this  inductor  magneto  produces  four  impulses  per  revolution 
instead  of  two  as  in  the  ordinary  type  having  a  wound  bipolar, 
armature  of  H  form.  Apart  from  the  method  of  producing  the 
current,  the  remaining  essentials  of  the  magneto  ^^,^e.,^me, 
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except  that  no  collector  brush  is  necessary  as  is  the  case  where  the 
current  is  generated  in  a  revolving  winding  on  an  armature. 

The  details  of  construction  of  the  K-W  high-tension  magneto 
are  shown  in  Fig.  68.    While,  from  an  external  view  of  the  rotor, 
it  apparently  consists  of  two  independent  parts,  it  will  be  seen  in 
the  section  that  it  la  practically  one  piece,  the  connecting  part 
passing  through  the  center  of  the  winding  so  that  the  magnetic  cir- 
cuit is  completed  through  the  latter.     The  primary  winding,  consist- 
ing of  four  layers  of  comparatively  coarse  wire,  will  be  noted  dose 
to  the  rotor;  just  outside  of  this  is  the  secondary  winding  of  many 
layers  of  fine  wire  and  from  the  latter  the  connection  is  carried 
upward  to  a  horizontal  strip  of  copper  termed  a  bus  bar.    At  the 
right,  this  bar  connects  with  the  distributor  for  the  high-tension 
current;  at   the  left  it 
connects  with  the  safety 
gap,  directly  beneath 
which  is  the  condenser. 
Timing.    The  mag- 
neto is  timed  by  an  in- 
terrupter operated  by  a 

Pig    69.    K-W  Intemipter  *^*™  *"*  ^^^  TOtOr  shaft  in 

the  usual  manner;  the 
details  of  this  interrupter  are  shown  in  Fig.  69.  As  is  the  case  with  all 
ignition  magnetos,  these  points  remain  closed,  thus  short-circuiting 
the  primary  winding,  until  the  current  reaches  its  maximum,  and  then 
are  opened  suddenly,  thereby  inducing  a  current  in  the  secondary 
winding.  The  firing  point  of  the  magneto  is  just  as  the  contact 
points  begin  to  separate,  as  shown  in  Fig.  69,  which  is  exaggerated 
to  make  this  clear.  At  the  same  moment,  the  distributor  arm  is 
passing  one  of  the  segments  connected  to  a  spark  plug,  as  shown  in 
Fig.  70,  the  firing  order  of  the  motor  in  this  case  being  1,  2,  4,  3. 
While  the  magneto  produces  four  waves  per  revolution,  these  are  . 
not  necessarily  all  utilized;  the  cam  (c  in  Fig.  70)  opens  the  inter- 
rupter twice  per  revolution,  giving  two  sparks  for  each  turn  of  the 
crankshaft,  as  required  by  a  four-cylinder  four-cycle  motor.  In 
a  four-cylinder  two-cycle  motor,  a  four-sided  cam  would  be 
employed  thus  producing  four  sparks  per  revolution. 

The  letters  on  the  illustration  are :  A  contact  breaker  bp^;  ?^WW 
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P  contact  points  of  fntemipter;  R  cam  roller  to  lessen  friction  at  that 
point;  fi distributor ann;£ distributor  segments;  RH  and  Z Prefer- 
ring to  the  direction  of  rotation,  as  either  right  hand — also  termed 
"clockwise"  or  from  left  to  right — and  left  hand,  anti-clockwise. 

Dixie  Magneto.  Essential  Elements;  Circuits.  While  based  on 
■  the  inductor  principle,  this  differs  from  an  inductor  typte  of  magneto 
in  that  the  pole  pieces  themselves  are  revolved  and  they  do  not 
reverse  their  polarity  as  in  the  case  of  an  inductor  or  an  armature. 

The  rotating  element  of  the  Dixie  is  shown  in  Fig.  71;  B  is  a 
brass  block  which  prevents  any  magnetic  flux  flowing  directly  from 
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N  to  iS,  which  are  the  rotating  pole  pieces.  The  coil  with  its  pri- 
mary and  secondary  windings  is  placed  directly  above  this  rotating 
element,  in  the  hollow  of  the  magnets,  as  shown  in  Fig.  72.  At  the 
right  in  the  same  figure  is  shown  the  relation  between  the  rotor,  the 
magnets,  and  the  coil.  It  will  be  noted  that  the  core  of  the  coil  C 
bridges  the  stationary  pole  pieces  F  and  G  and  that  the  shaft  of  the 
rotor  passes  through  the  magnets  in  a  plane  at  right  angles  to  that 
of  tlie  usual  magneto.  The  reversal  of  the  magnetic  flux,  with 
varying  positions  of  the  rotor,  is  shown  in  the  right-hand  sketch  of 
Fig.  72,  and  in  Fig.  73.  l,  ,  .  n  ,  ^iv.>^.>v,^ 
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The  primary  circuit  of  the  Dixie  is  shown  in  Fig.  74;  A  being 
the  core  of  the  coil,  P  the  primary  winding,  R  the  condenser,  X  and 
Y  the  points  of  the  interrupter  or 
contact  breaker.    The  terminal  D  is 
a  screw  on  the  head  of  the  coil,  and 
the  wire  2  connects  directly  with  the 
contact  Y  of  the  interrupter.    Fig. 
75  shows  the  details  of  this  inter- 
H«.  71.  Roi^B^mBntofDiiis      rupter,  the  housing  of  which  is  at- 
tached to  the  mounting  of  the  wind- 
ings, while  the  details  of  the  secondary  circuit  are  shown  in  Fig. 
76.     C  is  the  end  of  the  high-tension,  or  secondary  winding  of 


^ 


the  coil,  which  is  connected  to  a  metal  plate  D  embedded  in  the 
hard-rubber  end  piece  of  the  coil  A.    A  small  coil  spring  holds  the 
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connection  F  in  contact  with  D  and  at  its  outer  end  F  connects  with 
J  which  is  the  distributor  brush.  The  latter  revolves,  successively 
posing  over  the  segments  leading  to  the  corresponding  spark  plugs. 
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But  one  of  these  segments  is  indicated  by  L,  the  dotted  lines  indicat- 
ing the  completion  of  the  circuit  through  the  ground  connections. 

Timing.    As  the  contact-breaker  box  is  attached  to  the  mount- 
ing of  the  coil,  the  latter  moves  with  it  when  the  former  is  partly 
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rotated  to  advance  or  retard  the  occurrence  of  the  spark  in  the 
cylinders,  so  that  the  opening  of  the  contact  points  always  takes 
place  at  the  point  of  maximum  current.  This  is  shown  diagram- 
matically  in  Fig.  77.    As  * 

the  contact  points  are  l^^Ai 

opened  by  tbe  revolution       /"^  ^S=~  I  ^^ 
of  the  cam,  it  will  be  ap-  -j"-j 

parent  that  a  movement 
of  the  mounting  of  these 
points  with  relation  to 
the  cam  will  alter  the 
time  at  which  they  will 
operate.  For  example, 
assuming  that  the 
magneto  is  designed  to  run  clockwise,  moving  the  interrupter  in  the 
same  direction  as  the  rotation  will  cause  the  spark  to  occur  later,  as 
shown  by  the  retarded  position  in  the  sketch.  Moving  the  interrupter 
against  the  direction  of  rotation  of  the  cam  accordingly  would 
cause  the  spark  to  occur  earlier.  The  range  of  movement  is  approxi- 
mately 15  degrees  each  side  of  the  neutral  point  indicated  by  the 
horizontal  position  of  the  lever  on  the  breaker  box;  the  dotted  lines 
show  how  the  firing  point  may  be  advanced  15  degrees  or  retarded 
an  equal  amount.  The  lever  in  question  is  connected  by  means  of 
linked  rods  to  the  spark  lever  on  the  steering  wheel. 
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Magnetos  for  Eight-Cylinder  and  Twelve-Cylinder  Motors.  It 
will  be  evident  that,  regardless  of  the  number  of  cylinders  to  be 
fired,  the  principles  of  current  generation,  transformation  (to  high 
tension),  and  distribution  remain  the  same,  so  that  a  reference  to 


the  models  of  the  Dixie  for  eight-cylinder  and  twelve-cylinder 
motors  will  suffice  to  cover  the  modifications  required  by  the  increased 
number  of  cylinders.  To  keep  the  speed  of  the  magneto  down,  the 
rotor  is  provided  with  four  poles  instead  of  two,  so  that  four  impulses 
are  generated  in  the  windings  per  revolution.    This  permits  of 


tl|.  78.    Ststionuy  Member  of  IS-Cylinder 


running  the  magneto  at  crankshaft  speed  for  an  «ght-cylinder 
motor  and  at  1 J  times  crankshaft  speed  for  a  twelve-cylinder  motor. 
Compound  Distributor.    The  contact  breaker  opens  every  quar- 
ter revolution  instead  of  every  half  revolution — a  cam  with  four 
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lifting  faces  being  provided  for  this  purpose — and  the  distributor 
is  provided  with  twice  as  many  segments  and  spark-plug  leads  as  a 
magneto  designed  for  four-cylinder  or  six-cylinder  motors.  But  as 
the  contact  segments  of  the  distributor  must  be  sufficiently  long  to 
pennit  of  the  distributor  brush  being  in  contact  with  them,  regard- 
less of  the  point  to  which  the  ignition  timing  is  advanced  or  retarded, 
it  is  impossible  to  place  more  than  six  contact  segments  in  a  circle 
without  reducing  the  insulation  between  them  to  a  point  where 
there  would  be  danger  of  the  high-tension  current  jumping  the  gap 
and  thus  deranging  the  ignition.  To  avoid  this  a  compound  dis- 
tributor is  employed,  i.e.,  two  distributors  are  combined,  but  instead 
of  being  placed  on  a  flat  surface  as  in  the  magnetos  for  a  smaller 
number  of  cylinders,  the  segments  are  spaced  fu'ound  the  inner 
periphery  of  a  hollow  cylinder.  Two  radial  contact  brushes  are 
carried  by  the  revolving  member  of  the  distributor,  each  of  which 
makes  contact  with  one  of  the  sets  of  segments.  Fig.  78  illustrates 
the  distributor  itself,  while  Fig.  79  is  the  revolving  member.  The 
radial  brushes  A1  and  Bl  of  Fig.  79  are  electrically  connected  to 
contact  brushes  extending  laterally  {AX  and  Bl)  from  the  revolving 
member.  These  brushes  make  contact  alternately  with  the  arms 
of  a  metal  spider  sunk  flush  in  the  end  wall  of  the  distributor,  S  in 
Kg-  78,  with  which  the  central  pin  of  the  distributor  rotor  J),  Fig. 
79,  also  connects.  The  high-tension  current  from  the  windings  is  fed 
to  this  distributor  rotor  through  the  spring  brush  contact  C. 

Tatk  of  Current.  The  path  followed  by  the  current  is  accord- 
ingly as  follows:  from  the  high-tension  winding  of  the  coil  (not 
shown  here)'  to  the  distributor  rotor  through  the  brush  C;  from 
brush  D  to  the  spider  S;  from  S  alternately  through  brushes  AX 
and  B\  to  the  distributor  segments  representing  the  inner  and 
outer  row  of  spark-plug  leads,  through  the  brushes  A2  and  B2. 
Brushes  AX  and  B\  are  so  spaced  that,  when  one  is  centrally  in 
contact  with  an  arm  of  the  spider  S,  the  other  is  midway  between  the 
second  and  third  arms  from  the  one  with  which  contact  is  being  made. 

The  relation  of  the  various  members  of  the  Dixie  magneto  will 
be  clear  upon  reference  to  the  sectional  view.  Fig.  80,  showing  one 
of  the  four-cylinder  models.  The  contact  breaker  or  interrupter  is 
at  the  left-hand  end  of  the  rotor  shaft;  just  above  the  rotor  itself 
iathecoil,  while  to  the  left  of  this  is  the  distributor,      vivj.ivn. 
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IGNITION  SYSTEMS 
STANDARD  TYPES 
Diud  Ignition  System.  Bosch  Type.  The  dual  type  of  ignition 
system  uses  one  coll  and  one  set  of  plugs  with  either  the  battery  or 
the  magneto  as  the  source  of  current  supply,  the  magneto  contact 
breaker  and  distributor  being  common  to  both.  Fig.  81  illustrates 
the  connections  of  a  dual  system.  Wire  Number  i  is  in  the  low- 
tension  circuit  and  conducts  the  battery  current  from  the  primary 
winding  of  the  coil  to  the  contact  breaker  of  the  magneto.  Low- 
tension  wire  Number  2  is  the  grounding  wire  by  which  the  primary 
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circuit  of  the  magneto  is  grounded  when  the  switch  is  thrown  to  the 
"off"  or  "battery"  position.  Wire  Number  3  leads  the  high-tension 
current  from  the  magneto  to  the  switch  contact,  and  wire  Number 
4  13  the  wire  that  carries  the  high-tension  current  from  the  coil  to 
the  distributor.  Number  5  leads  from  the  negative  terminal  of 
the  battery  to  the  coil,  and  the  positive  terminal  of  the  battery  is 
grounded  by  Number  7;  a  second  ground  wire,  Number  6,  is  con- 
nected to  the  coil  terminal.  The  press  button  on  the  switch  cuts  in 
the  battery  circuit  which  includes  a  special  vibrator  on  the  coil  which 
is  employed  simply  for  "starting  on  the  spark";  i.e.,  when  a  charge 
of  gas  ia  left  in  the  cylinders  and  the  crankshaft  has  stopped  with 
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the  pistons  in  the  proper  position  for  firing  the  next  one  in  order, 
a  spark  in  that  cylinder  will  frequently  start  the  motor, 

Remy  Type.  Prior  to  the  general  adoption  of  electric  lighting 
and  starting  systems,  the  dual  type  of  ignition  system  was  almost 
universally  employed  on  the  lower  and  medium  priced  cars,  many 
thousands  of  which  are  still  in  service.  The  Remy  magneto,  a  sec- 
tion and  end  elevation  of  which  are  shown  in  Fig.  82,  is  typical  of 
the  claS  used  for  this  service.  The  armature  A  is  of  the  H  or 
shuttle  type,  of  laminated  construction  fitted  with  cast  bronze 
heads  B.  It  carries  a  single  winding,  one  end  of  which  is  grounded 
by  connecting  it  to  the  rear  bronze  head  at  D,  the  ground  connec- 
tion being  further  insured  by  the  carbon  brush  E,  pressed  against 
the  head  by  a  spring.  The  other  end  of  the  armature  winding  19 
connected  through  an  insulated  stud  F  to  the  collector  ring  G  from 
which  the  current  is  taken  by  a  carbon  brush  in  the  holder  H. 
From  this  brush  a  low-tension  cable  runs  to  the  induction  coil 
mounted  on  the  dash. 

The  other  primary  terminal  of  the  coil  is  connected  to  the 
terminal  /  on  the' breaker  box  at  the  right-hand  end  of  the  magneto. 
This  terminal,  which  extends  through  the  breaker-box  cover  J  of 
insulating  material,  forms  an  integral  part  of  the  contact  screw  K 
which  carries  one  of  the  contact  points  of  the  interrupter.  The 
other  contact  point  is  mounted  on  the  free  end  of  the  lever  L,  pivoted 
at  its  lower  end  and  provided  with  a  fiber  contact  block  hearing 
against  the  cam  M  carried  on  the  armature  shaft.  The  contact 
screw  K,  interrupter  lever  L,  and  its  stud  N  are  all  supported  on 
the  metal  plate  V  forming  the  interrupter  base.  This  plate  is  sup- 
ported on  a  lateral  projection  from  a  disc  secured  to  the  forward 
end  plate  S  «(f  the  magneto  and  is  provided  with  the  radial  arm  V, 
which  is  connected  by  jointed  rods  to  the  spark  timing  lever  on  the 
steering  wheel.  This  permits  of  moving  the  breaker  box  through 
part  of  a  revolution  with  relation  to  the  cam  on  the  armature  shaft 
to  advance  or  retard  the  time  of  ignition,  as  explained  later  under 
Spark  Timing.  The  interrupter  lever  L  is  grounded  to  the  frame 
of  the  magneto  through  the  stud  N.  The  condenser  0  is  placed  in 
the  armature  cover  plate  and  has  one  terminal  connected  to  the 
stationary  contact  screw  K  and  the  other  terminal  grounded,  so 
that  it  is  shunted  or  "bridged"  directly  across  the  interrupter  and 
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serves  to  minimize  the  spark  or  arc  caused  by  the  opening  of  the 
contacts.    The  condenser  is  sometimes  combined  with  the  coil. 

Details  of  Typical  Distributor,  Apart  from  slight  variations  in 
detail,  the  following  description  of  the  dbtributor  is  typical  of  all 
magneto  distributors.  At  its  right-hand  end,  the  armature  shaft, 
Fig.  81,  carries  the  steel  pinion  P,  which  meshes  with  the  bronze 
gear  Q  having  twice  the  number  of  teeth.  Rigidly  mounted  in  the 
bronze  distributor  gear  Q  is  a  carbon  brush  U  carried  in  the  holder 
T.  This  brush  is  pressed  by  its  spring  against  the  inner  surface  <tf 
the  insulating  cover  of  the  distributor  W,  in  which  are  embedded  a 
central  contact  block  X  and  four  or  six  (according  to  the  number 
of  cylinders)  contact  blocks  ,YY,  equally  spaced  about  a  circle. 
At  their  outer  ends  these  contact  blocks  carry  terminals  for  the 
attachment  of  the  high-tension  cables.  As  the  distributor  revolves 
it  makes  contact  with  the  central  block  X  and  all  of  the  blocks  Y¥ 
in  succession. 

Since  the  distributor  gear  Q  has  twice  as  many  teeth  as  the 
armature  pinion,  it  makes  but  one  revolution  for  every  two  turjis 
of  the  crankshaft  (four-cylinder  motor)  and  of  the  armature,  the 
latter  being  driven  at  crankshaft  speed.  As  the  four-cylinder 
motor  fires  only  twice  per  revolution,  it  is  only  necessary  for  the 
distributor  to  make  one  complete  turn  for  every  two  revolutions 
of  the  crankshaft.  The  dbtributor  is  so  geared  to  the  armature 
shaft  that  it  operates  synchronously  with  the  interrupter,  i.e.,  when- 
ever the  contacts  of  the  latter  separate  to  open  the  magneto  armature 
circuit  and  permit  the  current  to  flow  through  the  primary  of  the 
coil,  the  brush  U  is  on  one  of  the  contact  blocks  Y.  The  exact 
moment  of  opening  is  governed  by  the  setting  of  the  timing  lever, 
but  the  distributor  brush  U  is  made  of  sufficient  width  to  cover 
the  contact  block  throughout  the  whole  timing  range.  A  feature 
of  this  model  of  the  Remy  magneto  is  the  timing  button  Z  fitted 
into  the  distributor  cover,  to  facilitate  the  adjustment  of  the  timing 
of  the  magneto  to  the  motor.  Most  magnetos  have  to  be  discon-  . 
nected  from  the  driving  shaft  to  accomplish  thb.  This  button  is 
normally  held  out  by  its  coil  spring.  If  the  button  is  pressed  in  and 
the  armature  shaft  is  then  turned,  the  plunger  of  the  button  will 
drop  into  a  recess  in  the  distributor  gear.  Then  the  engine  must  ' 
be  turned  over  by  hand  until  the  piston  of  cylinder  No.  1  is  exactly 
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at  the  upper  dead-center  positioa  at  the  beginning  of  the  power 
stroke,  and  while  the  crankshaft  of  the  engine  and  the  armature 
shaft  of  the  magneto  are  in  these  relative  positions,  the  magneto 
driving  gears  must  be  meshed  and  the  magneto  gear  secured  on  the 
tapered  end  of  the  armature  shaft  by  means  of  a  Woodruff  key 
which  is  held  in  place  by  a  bushing  and  nut,  as  shown  in  the  sec- 
tional view.  Fig.  82. 

Typical  Wiring  Diagram.  Fig.  83  is  a  wiring  diagram  of  a 
typical  dual-ignition  system  that  illustrates  the  connections  in 
greater  detail  than  in  the  case  of  the  Bosch  system.     The  switch 
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shown  just  below  the  mduction  coil  has  three  positions:  "OFF" 
(central);  "BATTERY"  (left);  and  "MAGNETO"  (right).  When 
the  switch  is  on  the  BATTERY  contact,  the  current  flows  from  the 
battery  through  the  switch  and  the  primary  winding  of  the  coil  to 
the  interrupter,  and  completes  the  circuit  by  means  of  the  ground 
connection  of  the  latter  and  the  coil.  The  secondary  current  is 
distributed  in  exactly  the  same  manner  as  when  the  armature  of 
the  magneto  is  supplying  the  low-tension  current.  As  the  inter- 
rupter has  its  contacts  closed,  except  for  the  momentary  break  when 
the  spark  occurs,  its  demand  upon  the  battery  is  large,  so  that  the 
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switch  should  immediately  be  shifted  to  MAGNETO  &s  soon  as  the 
engine  starts.  Otherwise  a  dry-cell  battery  will  be  exhausted  in  a 
comparatively  short  time,  or  an  unnecessary  drain  will  be  made 
from  the  storage  battery  where  the  latter  is  employed  for  starting. 

Duplex  Ignition  System.  This  is  designed  to  facilitate  the 
starting  of  the  motor  by  utilizing  the  current  from  a  battery  as  well 
as  that  from  the  magneto  when  cranking  to  start.  To  throw  the 
battery  current  in  phase  with  that  of  the  magneto,  it  having  pre- 
viously been  stepped  up  to  high  tension  through  a  coil  on  the  dash,  a 
commutator  is  fitted  to  the  magneto  shaft.    The  magneto  is  of  the 
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true  high-tension  or  independent  type,  and  by  means  of  this  com- 
mutator the  Sow  of  battery  current  is  in  the  same  direction  as  the 
flow  of  magneto  current,  a  change  in  the  direction  of  one  (alternating 
current  as  generated  by  the  magneto)  is  accompanied  by  a  change  in 
the  direction  of  the  other,  and  they  are  said  to  be  "in  phase,"  i.e., 
the  cycles  of  alternation  correspond  in  both.  To  accomplish  this  the 
battery  current's  polarity  must  be  the  same  as  that  of  the  magneto 
and  the  battery  must  not  be  grounded,  as  shown  by  the  wiring 
diagram,  Fig.  84.  The  necessity  for  using  the  battery  current  to 
supplement  that  of  the  magneto  exists  only  at  very  low  cranking 
speeds,  and  the  as^tance  of  the  battery  is  no  longer  needed  once 
tihe  engine  starts.    This  type  is  not  in  general  use.         v_imi.>vii. 
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Double-Spark  Ig;nition.    Mention  has  already  been  made  c 
the    employment    of    two    sparks    occurring    ^multaneously     h 
the  cylinders  under  the    head    of    "Series    Plugs".    It    will    bi 
evident  that  simply  by  adding 
another  distributor  to  a  magneto 
and  taking  leads  from  it  to  a 
second   set  of  plugs  placed  at 
another  point  in  the  cylinders, 
preferably  as  far  away  from  the 
first  as  possible,  the  same  result 
is  accomplished.    Fig.  85  shows 
a    Remy    two-spark    magneto, 
the  distributors  being  mounted 
at  opposite  ends  of  the  field.  ^  "■  R™y  Two.*i*rk  M»«iiet(. 
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Rwd  Magneto.  The  Ford  magneto  is  sui  gmeria.  What  the 
I»tent  lawyers  tenn  the  "prior  art"  shows  nothing  evai  vaguely 
T^gembling  it  acd  no  Jepitkm  current  g^aator  used^m  qtbot 
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Am^can  or  fordgn  cars,  past  or  present,  can  lay  claim  to  any  family 
ties.  Not  that  its  principles  differ  in  any  way,  but  their  application 
is  very  unusual,  and  as  this  magneto  is  now  employed  on  mote 
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than  a  million  cars,  it  is  of  particular  interest.  Instead  of  the  two  or 
three  horsei^oe  permanent  magnets  employed  on  the  ordinary  mag- 
neto, the  Ford  has  sixteen  magnets  arranged  radially  with  thdr 
poles  outward,  and  all  are  bolted  directly  to  the  flywheel,  as  shown  in 
Fig.  86.    Directly  in  front  of  them  and  separated  by  a  very  small 
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clearance  are  uxteen  coils,  wound  of  copper'  strip  or  ribbon  and 
attached  to  a  spider  which  is  bolted  to  the  crankcase  of  the  motor 
just  forward  of  the  flywheel,  as  shown  by  Hg.  67.    l^^pi^^  it^ 
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and  the  coils  are  illustrated  by  Fig.  88,  which  shows  one  of  the  coib 
partly  unwound  at  E,  The  spider  and  its  coils  remain  stationary 
while  the  magnets  are  rotated  in  close  proximity  to  them  at  high 
speed  by  the  flywheel,  thus  inducing  a  current  in  the  coil  windings. 
The  current  is  taken  from  the  collector  ring  B,  through  the  single 
brush  C,  the  other  side  of  the  magneto  circuit  being  grounded.  Fig. 
89  shows  the  complete  ignition  system  as  installed  on  the  motor. 
The  magneto  is  shown  with  part  of  its  housing  removed;  at  its  upper 
center  is  the  collecting  brush  mentioned,  connected  to  the  four-unit 


Hg.  S9.    Complete  Foul  Ignition  SysMm 

coil,  which  in  practice  is  mounted  on  the  dash.  From  the  coil,  four 
primary  connections  are  made  to  the  low-tension  timer  mounted  at 
the  forward  end  of  the  motor  and  driven  from  the  camshaft,  and  the 
four  high-tension  cables  for  the  spark  plugs  will  be  noted  just  below 
the  primary  connections.  The  other  two  binding  posts  on  the  back 
of  the  coil  are  for  the  current  from  the  magneto  and  the  ground  con- 
nection. While  a  battery  is  ordinarily  fitted  in  addition  to  facilitate 
starting,  this  can  be  accomplished  on  the  magneto  alone,  as  the  latter 
is  very  powerful.  Replacements  are  sold  at  such  low  prices  that  when 
the  magnets  have  lost  their  strength,  new  ones  often  are  inserted 
instead  of  remagnetizing  the  old. 

56 
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CurrerU  Supply  and  Distribviwn.  Except  for  the  use  of  a  mag- 
neto to  supply  the  current,  the  system  will  be  recognized  as  the 
ordinary  coil-and-battery  type  now  long  obsolete  (1909  and  earlier 
models).  Instead  of  the  direct  current  provided  by  a  battery,  how- 
ever, the  Ford  magneto  supplies  an  alternating  current  which  alter- 
nates sixteen  times  per  revolution.  Between  each  alternation,  there 
is,  of  course,  a  momentary  drop  to  zero  so  that,  at  the  positions  of 
the  crankshaft  and  field  magnets  corresponding  to  this  drop,  there 
is  no  current  in  the  armature,  or  so  little  that  it  is  impossible  to  pro- 
duce a  spark.     Assuming  that,  when  the  timer  completes  the  primary 


drcuit,  the  magneto  is  at  or  very  near  the  position  of  zero  e.m.f., 
the  coil  vibrator  will  not  respond  as  the  current  sent  through  the 
coil  by  this  very  weak  e.m.f.  is  not  sufficient  to  operate  it.  As 
soon,  however,  as  the  current  attains  the  minhnum  value  necessary 
to  attract  the  vibrator,  a  spark  is  produced.  The  result  of  this  is 
that,  as  the  spark  timing  lever  is  moved  over  its  quadrant,  the 
spark  is  not  advanced  uniformly  with  the  lever  motion.  It  doubt- 
less also  accounts  for  the  fact  that  the  motor  will  often  be  found  to 
run  much  better  with  the  lever  advanced  but  a  short  part  of  its 
travel,  instead  of  at  the  point  of  maximum  advance  as  is  the  case 
with  the  ordinary  magneto  or  with  the  modem  battery  ^§tem, 

■    ■    "  o 
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Fig.  90  shows  tke  wiring  diagram  of  the  Ford  ignition  system, 
the  primary  timer  being  indicated  just  above  the  magneto  or  gen- 
erator. To  operate  efiBciently,  this  timer  needs  oiling  daily  when 
the  car  is  in  constant  service,  and  in  cold  weather  about  25  per  cent 
of  kerosene  should  be  added  to  the  oil  used  for  this  purpose,  as  the 
low  tonperature  causes  the  latter  to  thicken.  To  the  right  of  the 
generator  are  shown  the  switch,  the  four  vibrator  coils,  and  the 
spark  plugs  with  their  leada.  As  the  magneto  has  but  one  collector 
brush,  it  is  subject  to  few  troubles.  The  collector  brush  may 
loosen  up  through  vibration  and  may  not  make  proper  contact,  or 
dirt  and  oil  may  collect  on  the  ring  against  which  it  bears,  with  the 
same  result.  Apart  from  this,  the  chief  trouble  will  be  caused  by 
weakening  of  the  magnets.  A  current  sent  through  the  armature 
coils  from  an  outside  source  will  tend  either  to  strengthen  or  to 
weaken  their  magnetism,  depending  upon  the  direction  of  the  cur- 
rent itself  and  the  relative  position  of  the  armature  with  regard  to 
the  magnets.  As  the  armature  is  always  likely  to  stop  in  such  a 
position  that  a  current  sent  through  it  from  an  outside  source  will 
weaken  the  magnets,  a  battery  should  never  be  connected  to  the 
armature. 

Misfiring.  Irregular  firing  can  be  traced  most  frequently  to  ihe 
timer  and  will  be  caused  either  by  a  lack  of  oil  or  an  accumulation 
of  dirt;  with  the  timer  in  good  condition,  misfiring  will  most  often 
be  due  to  a  lack  of  uniformity  in  the  adjustment  of  the  vibrators, 
or  to  worn  and  pitted  vibrator  contacts.  With  the  motor  running, 
the  vibrator  adjustment  screws  should  be  turned  up  or  down  very 
slowly  until  all  four  cylinders  fire  uniformly.  Instructions  for 
taking  care  of  the  vibrator  points  are  given  in  detail  in  connection 
with  the  description  of  battery  cut-outs  and  circuit  breakers  in 
Part  III,  Starting  and  Lighting  Systems.  Failure  to  fire  is  usually 
due  to  lack  of  contact  at  the  collector  brush  on  the  magneto.  The 
timer  is  so  located  that  the  primary  cables  get  the  full  benefit  of  all 
oil  and  dirt,  while  its  movement  to  advance  or  retard  the  ignition  ia 
also  apt  to  abrade  the  insulation  from  these  wires  close  to  the  timer, 
so  that  irregular  firing  may  also  be  due  to  this  cause.  Complete 
wiring  replacements  may  be  had  at  such  low  cost  that  when  the 
cables  become  oil  soaked  and  their  insulation  worn,  the  easiest  way  to 
correct  troubles  from  this  source  is  to  mstall  a  ne^  set,  ^^f^^^ns. 
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SPARK  TIMING 

Effect  of  Irregular  Spailting.  Like  a  steam  en^ne,  an  interaal 
combustion  motor  depends  for  its  power  output  on  the  mean  effec- 
tive pressure  developed  in  the  cylinder,  usually  referred  to  as  its 
m.e.p.  This  is  affected  directly  by  three  factors:  first,  the  initial 
compression  of  the  charge,  that  is,  the  pressure  to  which  the  piston 
compresses  the  gaseous  mixture  on  its  upward  or  compression  stroke 
just  before  firing;  second,  the  time  at  which  the  charge  is  ignited; 
and  third,  the  length  of  the  stroke.  It  is  with  the  second  factor' 
alone  that  this  phase  of  the  ignition  problem  is  concerned.  In  con- 
trast with  the  steam  engine  in  which  the  steam  as  admitted  is  at  a 
comparatively  low  pressure  and  expands  gradually  throughout  the 
stroke,  the  pressure  developed  in  the  internal  combustion  motor  at 
the  moment  of  ignition  is  tremendous,  but  it  falls  off  very  rapidly. 
The  impulse  given  the  piston  is  more  in  the  form  of  a  sharp  blow 
than  a  steady  push,  as  with  steam.  The  mean  effective  pressure 
developed  depends  very  largely  upon  the  pressure  reached  at  the 
moment  of  explosion  and  this  in  turn  depends  upon  the  time  ignition 
occurs  with  relation  to  the  stroke.  As  the  speed  of  an  automobile 
motor  varies  over  a  wide  range,  it  will  be  apparent  that  means  must 
be  employed  for  varying  the  time  of  explosion.  To  be  most  efficient 
it  must  occur  at  the  point  of  maximum  compression,  i.e.,  when  the 
piston  is  exactly  at  the  upper  dead  center  on  the  compression  stroke. 
As  both  a  mechanical  and  an  electrical  lag,  or  delay,  must  be  com- 
pensated for,  the  setting  which  will  give  maximum  efficiency  at  500 
r.p.m.  will  be  much  too  slow  at  1500  r.p.m.  and  the  spark  would  then 
not  take  place  imtil  after  the  piston  had  started  down  again  and  the 
pressure  had  dropped  considerably,  causing  a  great  loss  in  power. 
On  the  other  hand,  an  attempt  to  run  the  motor  slowly  with  a  spark 
timing  that  would  give  the  best  results  at  high  speed  would  often 
result  in  causing  the  explosion  to  take  place  against  the  rising  piston. 
This  is  evidenced  by  a  hammering  sound  and  a  great  falling  off  in 
the  power. 

Advance  and  Retard.  Means  are  accordingly  provided  in  the 
majority  of  ignition  systems  for  causing  the  spark  to  occur  earlier 
or  later  in  the  cylinders.  This  is  termed  advancing  and  retarding 
the  spark,  the  nomenclature  being  taken  from  the  French,  with  whom 
It  originated.    The  explanation  given  in  the  preceding  paragraph 
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for  the  necessity  of  thb  will  make  plain  the  car  maker's  often  repeated 
injunction  to  the  novice — never  to  drive  vfUh  the  apark  retarded. 
Another  and  equally  important  reason  b  that  when  operated  this 
way,  the  conibustion  is  incomplete,  the  gas  continues  to  bum  through- 
out the  stroke,  and  a  greatly  increased  percentage  of  its  heat  has  to 
be  absorbed  by  the  water  jackets,  causing  the  motor  to  overheat 
badly. 

Adjusting  for  Time  Factor  of  Coil.  Every  induction  coil  has  a 
certain  time  constant,  which  represents  the  period  necessary  to  com- 
pletely charge  the  coil,  that  is,  the  time  required  for  the  current  in 
the  primary  winding  to  attain  its  maximum  value.  This  time  con- 
stant depends  very  lar^ly  upon  the  amount  of  magnetic  energy 
which  can  be  stored  up  in  the  coil.  There  must  be  added  to  this  the 
time  required  to  overcome  the  in^ia  of  moving  parts,  such  as  the 
timer  and  the  vibrators  of  a  high-tenaon  battery  system,  or  the 
contact  breaker  and  the  dbtributor  in  a  magneto  high-tension 
system.  As  these  parts  are  very  small  and  light  this  would  be 
practically  negligible  for  any  other  purpose,  but  when  figuring  in 
hundredths  of  a  second,  as  in  the  case  of  the  ignition  timing  of  high- 
speed multi-cylinder  motors,  it  becomes  of  importance.  The  object 
sought,  as  already  mentioned,  is  to  have  the  spark  always  occur  at 
the  point  of  maximum  compression.  To  accomplish  this  with  the 
motor  running  at  high  speed,  the  ignition  devices  must  act  while 
the  piston  is  still  an  appreciable  distance  below  upper  dead  center. 
The  timer  in  the  case  of  a  battery  system,  or  the  contact  breaker  of 
a  magneto,  is  accordingly  mounted  so  that  it  can  be  turned  through 
part  of  a  revolution  with  relation  to  its  driving  shaft,  or  more  par- 
ticularly the  cam  carried  by  the  latter.  For  starting  the  motor  by 
band,  the  spark  must  occur  either  at  oi'  after  upper  dead  center  is 
reached,  never  before.  In  the  latter  case,  the  piston  would  be 
driven  backward  and  the  familiar  "back  kick"  result.  Hence  the 
manufacturer's  admonition — always  retard  the  spark  fully  before 
attempting  to  crank  the  motor. 

Calcvlation  of  Small  Tims  AlhwarKe,  The  relation  of  spark 
advance  in  degrees  to  piston  travel  in  inches  with  motors  having 
strokes  running  from  3  to  8  inches  is  shown  by  the  accompanying 
chart.  Fig.  91.  In  this  the  ratio  between  the  crank  and  the  connect- 
ing rod  length  is  1  to  4.5.    The  lettering  shown  i^dia|f»^'^,^:^|^od 
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of  using  the  chart,  the  problem  being  to  find  the  piston  travel  for  aa 
advance  of  30  degrees  in  a  motor  of  G^inch  stroke.  The  vertical  line 
a,  corresponding  to  this  stroke,  is  traced  upward  until  it  intersects  the . 
30-degree  line  at  c;  following  the  latter  to  the  left  brings  it  out  at  a 
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Yi%.  Bl.    ReUtion  of  Bpuk  Advance  to  Piston  TrsTel  (BoBcb) 

point  just  below  the  j-inch  division,  or  approximately  .46  incii. 
Assuming  that  the  6-inch  stroke  motor  were  numing  at  1800  r.p.m., 
its  pistons  would  be  traveling  ISOO  feet  per  minute  (i.e.,  stroke 
doubled  or  1  foot  per  revolution),  30  feet,  or  360  inches  per  secirod. 
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so  that  each  inch  of  the  stroke  would  be  covered  at  an  average 
speed  of  1  iBch  in  -^  of  a  second,  and  the  ^  inch  in  ^^  of  a  second, 
from  which  the  necessity  for  a  timing  allowance  will  be  apparent. 
Magneto  Timing.  Timing  is  usually  30  to  40  degrees,  which 
means  that  the  spark  occurrence  can  be  advanced  or  retarded  half  that 
distance  from  a  neutral  line  representing  the  upper  dead  center  posi- 
tion of  the  piston.  As  shown  by  Fig,  92,  the  allowance  is  34  degrees 
in  the  Splitdorf  magneto,  "left"  and  "right"  in  this  connection  having 


i<v7  ffam/  Mognao 

Pit''  OS.     Method  of  Advuidiis  and  BaUnliiis  Spuk,  SpGtilatf  MaewitD 

reference  to  the  direction  in  which  the  magneto  armature  is  driven. 
The  necessity  of  providing  this  allowance,  however,  introduces  a 
complicating  factor  in  magneto  design. 

As  the  timing  of  the  spark  is  accomplished  by  opening  the 
contact  points  of  the  interrupter  earlier  or  later,  it  will  be  apparent 
that  as  the  magnetic  field  remains  stationary  in  the  ordinary  magneto, 
the  relative  positions  of  the  armature  and  field  vary.  This  b  illus- 
trated by  the  sketch,  Fig.  93,  the  left-hand  member  of  which  shows 
the  position  of  the  armature  with  admnced  spark.  This  is  the  point 
at  which  the  current  and  voltage  are  at  their  maximum,  so  that  the 
most  efficient  spark  is  produced  at  the  plugs.  With  the  spark 
retanted,  the  armature  has  already  had  time  to  turn  pracfJooUy  oner 


ELECTRICAL  EQUIPMENT  133 

eighth  of  a  revolution,  and  the  point  of  maximum  intensity  has  been 
passed.  While  this  is  a  factor  of  which  much  is  usually  made  in 
sales  literature,  it  is  not  so  important  as  the  theory  of  the  matter 
would  make  it  appear,  since  the  spark  is  seldom  retarded  except  for 
starting.    With  the  modem  high-speed  engine  there  is  rarely  sufficient 


slowing  down  in  hill-climbing  to  make  it  necessary  to  retard  the  spark, 
while  gear-changing  at  the  proper  time  further  makes  this  unneces- 
sary, 30  that  practically  all  the  time  it  is  in  service,  the  magneto 
is  operating  under  the  most  efficient  conditions.    The  great  difference 
in  the  positions  of  the  magneto  armature  between  the  advanced 
and   the  retarded  points  of  the 
spark  timing  show  why  it  is  diffi- 
cult to  crank  a  motor  by  hand 
with    the    spark  retarded,  when 
relying  upon  the  magneto  for  igni- 
tion. 

As  already  mentioned,  most 
magnetos  are  fitted  with  bipolar 
armatures,  i.  e.,  there  are  two  ex- 
tendons,  or  pole  pieces,  between 
which  the  winding  is  placed.  -  This 

will  be  clear  upon  reference    to  pig.  ^_  ^^mn  simm.  Magneto 

Fig,  94,  which  shows  the  armature  Armflturo  ind  poio  Pieoa 

core  of  a  Simms  magneto.  The  phases  are  accordingly  180  degrees 
apart,  that  is,  the  current  in  the  armature  winding  only  reaches  its 
maximum  value  twice  p^  revolution,  and  as  these  maxima  are  really 
'^leaks",  as  shown  by  HUe  oscillogtaph.  Fig.  95,  there  is  aot-  muob. 
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leeway  for  variation  one  way  or  the  other,  if  the  greatest  current 
value  b  to  be  utilized. 

Arudysis  of  Oscillograph  Diagrams.  In  the  oscill(^raph,  the 
dotted  vertical  line  at  the  left  represents  the  moment  of  closing  the 
primary  circuit,  the  current  then  beginning  to  increase  gradually  in 
value.  The  resistance  of  this  circuit  is  such  that  the  current  would 
attain  a  value  of  5  amperes,  if  the  circuit  remamed  closed  long 
enough.  However,  when  the  current  has  attained  a  value  of  4 
amperes,  the  circuit  is  broken  by  the  vibrator  (battery  and  coil 
sj^tem)  and  the  current  then  falls  off  very  rapidly.  It  will  be  noted 
that  there  is  no  current  in  the  secondary  circuit  while  the  primary 
is  attaining  its  full  value,  which  is  due  to  the  fact  that  the  e.m.f. 


induced  in  the  secondary  during  this  period  is  not  suffident  to 
break  down  the  resistance  of  the  air  gap  in  the  spark  plug.  The 
spark  occurs  when  the  primary  circuit  is  broken,  and  it  is  interesting 
to  note  that  it  attains  its  maximum  value  instantly,  this  having  been 
confirmed  by  numerous  oscillograph  tests.  The  right-hand  dotted 
line  represents  the  moment  the  primary  drcult  is  broken  by  the  timer. 
With  a  vibrator  coil  a  aeries  of  sparks  is  produced,  as  compared  with 
the  single  spark  of  the  magneto,  but  these  are  of  no  advantage  except 
at  low  speeds,  as  when  running  at  full  speed,  if  the  first  spark  fails 
to  ignite  the  chai^,  it  b  already  too  late  by  the  time  the  second 
occurs. 

Osdllograph  diagrams  taken  of  the  current  and  voltage  of  a  mag- 
neto show  that  both  rise  to  a  sharp  peak,  first  in  one  direction  and  then 
in  tlie  reverse,  as  the  current  is  alternating.    As  the  oscillograph  illu8> 
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trated  shows  that  only  the  peak,  or  maximum,  value  of  the  current  in 
the  primary  of  the  coil  can  be  utilized  for  producing  a  strong  induced 
current  in  the  secondary,  so  the  peak  of  the  magneto  current  must  be 
taken  advantage  of  to  produce  the  most  efficient  spark.  This  point 
of  maximum  current  value  in  the  revolution  of  the  armature  occurs 
when  it  b  cutting  the  greatest  number  of  magnetic  lines  of  force  of 
the  permanent  magnetic  field,  which  is  when  it  is  just  about  to  pass 
from  the  influence  of  one  set  of  poles  into  that  of  the  ether,  as  shown 


Re.  96.     Mw  Magneto  id  TruuDioD  Mounting 

in  the  section,  Fig.  94.  This  also  shows  the  relative  positions  of  full 
advance  and  full  retard  and  is  designed  to  illustrate  the  advantages 
obtained  with  the  patent  extended  pole  pieces  of  the  Simms  mag- 
neto, most  magnetos  having  the  upper  and  lower  faces  of  both  poles 
in  the  same  plane. 

Mea  Method  of  Advancing  Spark.  Doubtless  the  most  ingenious 
method  of  taking  care  of  the  necessity  for  advancing  the  spark  has 
been  developed  in  the  Mea  magneto,  shown  in  Fig.  96.  Instead  of 
being  of  horseshoe  form,  as  in  the  Bosch  and  Nilmelior  magnetos, 
shown  in  Figs.  97  and  98,  it  is  bell-shaped,  as  shown  in  Fig.  99. 
The  entire  magneto  is  carried  in  a  trunnion  mounting  so  that  the 
field  magnets  may  be  turned  to  the  same  extent  that  the  contact 
breaker  is  moved  to  give  the  necessary  advance,  thus  insuring  that 
the  orcuit  will  be  broken  with  the  armature  in  ,the  stuQef^^^U^e 
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[rasition  to  the  field  poles,  which  is  naturally  that  of  maximuni 
current  value. 

The  method  of  accomplishing  this  is  shown  in  Fig.  100,  which 
illastrates  the  relative  positions  of  the  armature  and  field  magnets 
at  the  advanced  and  retarded  sparking  points  to  he  the  same,  since 
the  entire  magnetic  field  is  partly  revolved  about  the  annature. 
This  movement  is  against  the 
direction  of  rotation  of  the 
armature   when    advancing 
the  spark,  and  with  it  when 
retarding  the  timing  of  the 
ignition,  the  illustration 
showing  a  magneto  arranged 
to  be  driven  clockwise.    Fig, 
101  illustrates  the  position  of 
the  fields  when  looking  at  the 
driven  end  of  the  magneto 
for  advanced  and  retarded 
Rg.  97.  Bosch  EndoKd  Type  Magneto  ^park  in  both  the  clockwise 

and  antiH:lockwise  types.  The 
range  of  timing  varies  from 
55  degrees  to  70  degrees  in 
the  various  models;  and  a 
specially  long  range  totaling 
90  degrees  to  100  degrees 
can  be  provided,  if  neces- 
sary, by  increasing  the  over- 
all height  of  the  magneto,  as 
the  shaft  must  be  supported 
higher  In  the  trunnions  to 
permit  of  this.  Among  the 
advantages  of  this  method 
of  ignition  timing  are  ease 
of  starting  without  a  bat- 
I  tery,  quick  acceleration,  and 
a  uniformly  efficient  sp^rk 
at  all  positions  of  the  spark- 

Fi«.  98.     Front  Viaw  Nilmelior  MBgneto  ing  lever.  v_ivn.iv|i. 


ELECTRICAL  EQUIPMENT 


137 


Magneto  Speeds.  As  the  revolution  of  the  armature  of  the 
magneto  always  bears  a  definitely  fixed  relation  to  that  of  the  crank- 
shaft of  the  engine,  it  will  be 
apparent  that  the  speed  at 
which  the  magneto  is  driven 
will  depend  upon  the  number 
of  cylinders  to  be  fired,  as 
well  as  upon  the  relation  of 
the  cylinders  to  one  another, 
i.e.,  firing  180  degrees  or  360 

degrees  a  part,  as  measured  ^_  „.  B«u.sh.p«i  Ma^et.  <rf  m«. 

on  the  crankshaft.    The  fol-  ^"""'° 

lowing  are  the  various  magneto  speeds  required  for  en^nes  of  the 
four-cycle  type  having  from  one  to  twelve  cylinders : 

l-oylind»:  Either  crankahaft  or  camghait  speed 

2-cylinder:    (Impulsea  360°  apart,  aa  in  2-cyliiider  opposed  motor)  camshaft 
speed 

2-^liDder:    (Impulses   alteniately    at  180°,    with   640°  intervalSj  as   in  the 
2-cylinder  V-type  motor)  camshaft  speed 

3-cyhnder:  Three-fourths  crankshaft  speed 

4-«ylinder:  Crankshaft  speed 

6-cylinder:  One  and  one-half  times  crtuikshaft  speed 

SHsyUnder:  Twice  crankfihaft  speed 
1 2-cylinder:  Three  times  crankshaft  speed 

Owing  to  the  extremely  high  speeds  necessary,  the  modern 
battery  type  of  ignition  is  favored  to  a  great  extent  on  eight-  and 


twelve-cylinder  motors,  though  magnetos  are  built  even  for  the  latter. 
(See  description  Splitdorf  12-cylinder  magneto.)      i     _      v_ivji.ivii. 
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The  magneto  speeds  necessary  on  two-cycle  motors  are  twice 
those  given  above  for  the  corresponding  four-cyde  types,  with  the 
exception  that,  on  the  2-cylinder  ISO-degree  or  V-type  motor,  crank- 
shaft speed  would  be  correct. 

Ignitioa-Systeiii  Fixed  Timing  Point.  It  has  become  more  or 
less  general  practice  with  French  builders  to  provide  an  ignition 
system  having  a  fixed  timing  point,  i.e.,  one  that  cannot  be  con- 
trolled by  the  driver  through  the  usual  spark-advance  lever  as  found 
on  practically  all  American  pleasure  cars.    This  is  particularly  the 


Fig.  1D[.     Spuk  Advsui 


_  «  Micncto.    With 

Position  1   3upp1i»  Advuiced 
2  Retarded  Spaik 


case  with  taxicabs.  While  "fixed"  in  the  sense  that  they  are  not 
variable  while  running,  such  systems  have  two  firing  points,  one  of 
maximum  advance,  which  is  always  employed  when  the  motor  is  in 
operation,  and  the  other  of  maximum  retard  to  enable  the  driver 
to  crank  the  motor  without  danger  of  injury.  So-called  fixed-spark 
ignition  systems  have  come  into  very  general  use  abroad,  more 
especially  on  the  Continent,  but  have  found  very  little  favor  here. 
Automatically  Timed  Systems.  The  stress  laid  by  automobile 
manufacturers  on  their  instructions,  "always  retard  the  spark  before 
cranking  the  motor"  and  "always  run  with  the  spark  advanced  as 
far  as  possible,  except  when  necessary  to  retard  it  owing  to  the  motor 
slowing  down  on  hills  and  causing  a  hammering  noise  in  the  cylinders". 
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make  it  evident  that  there  is  a  oinsiderable  amount  of  discretion  left 
in  the  driver's  hands  where  this  important  point  is  concerned.    It  is 


Fig,  102.    Ansatute  witb  Ceotrifucal  Timiim  Device,  Eimmann  MacnMo 

not  desirable  that  thb  should  be  exercised  by  unskilled  drivers, 
particularly  those  in  charge  of  large  and  costly  commercial  vehicles, 
and  automatically  timed  systems  have  accordingly  been  developed. 


FIs.  103.    TW»niann  Hicb-TeDBOD  MwDeto  with  Automttio  "ninitic 

Etaemanrt  CentrifugairGotenuyr  Type.      To  advance  the  spark 

timing  automatically,  a  centrifueal  governor  has  been  jnpupte^  on 

I.I  i_.  ,,  ^ 
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the  armature  shaft  Id  the  Eisemann  magneto  of  this  type,  as  shown 

in  Fig,  102,    Normally,  the  weights  are  contracted  by  the  spring  and 

the  contact  breaker  is  held  at  the  fully  retarded  position,  so  that  it 

is  always  safe  to  crank  the  motor  without  the  necessity  of  taking 

any  precautions.    With  an  increase  in  speed,  these  weights  tend  to  fly 

apart  and  in  doing  so  they  draw  a  sleeve  and  with  it  the  armature 

along  the  shaft  with  them  toward  the  left-hand  end.     As  there  are 

two  helicoidal  ridges  on  the  shaft,  however,  and  splines  on  the  inner 

diameter  of  the  sleeve  engaging  them,  the  sleeve 

is  forced  to  make  a  partial   revolution  as  it 

moves  along   the    shaft,    thus    automatically 

advancing  the   ignition   timing   in  accordance 

with   the  speed.    The   contact  breaker  is  in 

fixed  relation  to  the  armature.    An  Eisemann 

magneto  fitted  with  the  automatic  timing  device 

^'  ^^i*rk  Adv^^"*'"  is  shown  in  Fig.  103.     The  lines  drawn  on  the 

magnets  indicate  their  polarity,  so  that  in  case 

the  machine   is   taken   apart  it  can  readily  be 

assembled   again    with  the    magnets   in   their 

proper  relation. 

llerz  BalUGovemoT  Type.     Another  method 
of  accomplishing  the  same  end  is  the  Herz  auto- 
matic coupling,  shown  in  Figs.   104  and  105. 
This  consists  of  two  juxtaposed  disks,  each  of 
which  is  provided  with  five  grooves  running  in 
Fig  los    Heri  Autom»tio  ^  direction  opposite  to  those  of  the  other  disk. 
coupW  (Side  View)      Yive  stcel  balls  are  held  in  these  grooves  and 
act  like  the  weights  of  a  governor,  being  forced  outward  in  direct 
proportion  to  the  speed  of  the  motor,thusimpartingatwisting  move- 
ment to  the  magneto  armature  with  relation  to  its  shaft.  The  device 
is  supplied  either  as  an  integral  part  of  the  magneto  or  as  an  independ- 
ent coupling.    The  range  of  movement  is  40  degrees,  the  adjustment 
being  varied  by  altering  the  curve  of  the  grooves.     Fig.  106  shows 
the  Herz  magneto.    In  the  Eisemann,  spindles  having  grooved  slots 
of  several  different  pitches  are  supplied,  giving  from  19  to  60  degrees 
of  advance.    The  Atwater  Kent,  Connecticut,  and  Westinghouse 
ignition  systems  may  also  be  had  with  automatic  advance  operated 

by  a  centrifugal  governor.  ,        n  ,  tv,.,vii 

"     o 
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Ignition  Setting  I^int.  It  will  be  apparent  that  as  provision 
is  made  for  advan<niig  the  time  of  ignition  beyond  a  certain  point  as 
well  as  retarding  it  so  as  to  occur  before  that  point,  there  must  be 
what  may  be  termed  a  neutral  position.  This  b  usually  referred  to 
as  the  ignition  setting  point.  In  the  majority  of  instances,  this  is 
the  upper  dead  center,  particularly  where  a  magneto  is  employed. 
For  the  reason  that  it  is  possible  to  start  the  motor  by  handcranking 
on  the  magneto  with  the  time  of  ignition  advanced  very  much 
farther  than  would  be  safe  with  a  battery,  as  explained  in  another 


Tig.  106.     Hen  M*ciMto 

section,  it  is  seldom  necessary  to  provide  for  retarding  the  ignition 
timing  of  a  magneto  past  upper  dead  center.  Consequently,  the 
ignition  setting  point  for  the  majority  of  magnetos  is  upper  dead 
center  when  the  spark-advance  lever  on  the  quadrant  is  at  the  point 
of  maximum  retard.  It  is  not  necessary  to  provide  for  what  is  termed 
a  late  spark,  i.e.,  one  occurring  after  the  piston  has  actually  started 
down  on  the  power  stroke,  nor  is  it  necessary  to  provide  as  great 
a  range  of  advance  in  the  case  of  the  magneto  as  where  a  battery  is 
employed,  since  the  magneto,  to  a  certain  extent,  automatically 

advances  the  moment  of  ignition  as  the  speed  increases.     ,  iv  ji  iv  ii 

o 
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Where  a  battery  b  employed,  however,  it  is  customary  to  allow 
a  greater  range  of  timing  in  both  directions  with  a  late  spark  to  insure 
safety  in  starting,  particularly  by  handcranking.  The  relation  of 
the  ignition  distributor  of  a  battery  system  to  the  crankshaft  is 
shown  in  Fig.  107,  which  illustrates  the  ignition  diagram  of  the  fou> 
cylinder  Begal  Motor.  The  firing  order  in  this  case  is  1-  2-  4-  3,  and 
it  will  he  noted  that  the  ignition  setting  point  is  upper  dead  center. 


Both  the  ignition  and  the  valve  timing  of  practically  all  motors  built 
in  recent  years  may  be  checked  by  marks  on  the  flywheel.  A  corre- 
sponding mark  or  pointer  on  the  crankcaseisusedasacheckingpoint. 
Fig.  107  shows  that  when  piston  No.  1  is  exactly  at  upper  dead 
center,  contact  No;  1  of  the  distributor  is  under  the  brush  leading 
to  the  spark  plug  of  that  cylinder,  and,  as  shown  by  the  center  line, 
this  is  the  ignition  setting  point  for  that  motor.    As  the  distributor 
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turns  in  a  clockwise  direction,  rotating  it  toward  the  right,  as  shown 
in  the  diagram,  retards  the  time  of  ignition,  while  turning  it  to  the 
left  advances  it.  The  interrupter  is  just  below  the  distributor  and 
while  its  battery,  ground,  and  distributor  cables  are  shown,  the  con- 
tacts themselves  are  not  illustrated. 

Upper  Dead  CerUer.  In  many  cases  it  is  no  longer  possible  to 
check  the  ignition  timing  or  the  position  of  the  pistons  by  the  fly- 
wheel, as  the  latter  is  entirely  enclosed.  To  find  the  upper  dead 
center  of  the  piston  of  the  first  cylinder  it  is  accordingly  customary 
to  take  out  a  spark  plug  and  use  a  long  knitting  needle  or  simihir 
piece  of  straight  wire.  While  an  assistant  turns  the  motor  over 
slowly  by  hand,  watch  the  valves  of  cylinder  No.  1.  When  the  inlet 
valve  of  this  cylinder  has  closed,  the  piston  is  traveling  upward  on 
the  compression  stroke  and  the  needle  will  rise.  It  must  be  borne 
in  mind,  however,  that  the  piston  is  not  actually  at  upper  dead 
center  for  ignition  purposes  when  the  needle  ceases  rising.  In  other 
words,  a  certain  part  of  the  revolution  of  the  crank  b  not  represented 
by  a  corresponding  movement  of  the  piston,  and  the  proportion  that 
thb  bears  to  the  whole  revolution  naturally  increases  with  the  length 
of  the  stroke. 

The  starting  crank  should  accordingly  be  turned  until  the  needle 
actually  starts  downward  ^ain  on  the  firing  stroke,  and  then  the 
motor  turned  backward  again  slightly  until  it  ceases  to  rise.  This 
may  be  done  by  putting  the  gear  lever  in  high,  engaging  the  clutch, 
jacking  up  one  rear  wheel  and  turning  it  backward.  This  will  give 
the  proper  ignition  setting  point  for  any  system  in  which  this  point 
is  ^ven  as  "upper  dead  center  with  the  spark  at  the  point  of  maxi- 
mum retard".  But  imless  the  precaution  in  question  is  taken,  the 
spark  timing  will  have  a  slight  amount  of  advance  aad,  in  a  long- 
stroke  motor  using  a  battery  system  of  ignition,  this  may  be  sufficient 
to  cause  the  motor  to  kick  back  when  cranked  slowly  by  hand. 

In  some  cases,  where  the  fiywheel  rim  is  not  accessible,  the 
ignition  setting  point  is  marked  on  the  distributor  itself. 

FIRING  ORDER 
Typical  Firing  Orders.    It  is  naturally  quite  as  important  that 
the  sparks  occur  in  the  different  cylinders  of  a  multi-cylinder  motor 
in  the  proper  order  as  that  each  individual  spark  should  take  place 


ELECTRICAL  EQUIPMENT 


Fig.  108.     Firing  Order  of  Faiir<7yliiuler  Moton 


at  just  the  right  moment. 
Regardless  of  the  number 
of  cylinders,  the  crank- 
shaft throws  are  always 
in  pairs.  Hence,  the  pis- 
tons rise  and  fall  in  pairs, 
and  the  cylinders  of  these 
pairs  (which  have  no  rela- 
tion whatever  to  the  meth- 
od of  casting  the  cylin- 
ders themselves)  naturally 
cannot  follow  each  other 
in  firing,  the  firing  order 
alternating  from  one  pair 
to  the  other.  For  «uim- 
ple,  1-  3-  4-  2-  as  in  the 
upper  diagram  of  Fig.  108, 
or  1-  2-  4-  3-  as  in  the  dia- 
gram just  below  it,  the 
motors  in  both  these 
instances  running  "clock- 
wise", i.e.,  with  the  crank- 
shaft turning  from  left  to 
right.  A  similar  variation 
is  possible  with  the  motor 
"I  turning  "anti-clockwise", 
or  from  right  to  left,  as 
shown  in  the  two  lower  dia- 
grams, which  show  firing 
orders  of  1-  3-  4-  2-  and  1- 
2-  4-  3-  the  changes  being 
made  by  shiftmg  the  dis- 
tributor connections  to  the 
spark  plugs  of  the  various 
-  \  cylinders.  In  the  cage  of 
a  high-tension  battery 
system  using  imit  coils, 
the  timer  co{itifcti<>m  are 
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varied  in  the  same  manner.  In  six-cylinder  motors  the  crank  throws 
are  1 20  degrees  apart,  but  as  the  pistonsare  attached  in  pairs  to  cnmks 
in  the  same  plane,  the  method  of  distributing  the  firing  order  among 
them  is  similar  to  that  already  given.  The  Bosch  dual  ignition 
system,  as  installed  on  the  six-cylinder  Winton,  is  a  typical  firing 
order  for  a  six.     As  shown  by  Fig.  109,  this  runs  1-5-3-6-  2-  4. 

Possible  Combinatioiis.  There  are  so  many  possible  firing 
orders  in  the  stx-cylinder  motor  and  likewise  in  the  more  recent 
eight-cylinder  and  twelve-cylinder  motors  that  one  of  the  moat 
puzzling  questions  arising  in  the  repair  shop  frequently  has  been 
to  determine  just  which  one  has  been  adopted  by  the  manufac- 


Fit-  109.    Firing  Orda  <d  SutOyGnder  Winton  Motor 

turer  for  his  particular  motor.  So  much  uncertainty  exists  that 
many  makers  have  solved  this  for  the  repair  man  by  attaching  a 
plate  to  the  motor  or  to  the  dash,  giving  the  firing  order.  There  are 
eight  firing  orders  possible  for  the  six  or  eight.  With  the  six  these  are: 
(a)  1     2    3    a    5    4  (e)    1     4    5    6    3    2 

(b)124e{l3  (f)    154623 

(c)  1    3    2    6    4    5  (K)    I     4    2    «    3    5 

(d)  1     3    5  -  6    4    2  (h)  1     5    3    6    2    4 
While  any  of  these  firing  orders  will  give  an  equally  good  impulse 

balance,  the  question  of  proper  distribution  of  the  incoming  charge 
and  the  free  escape  of  the  exhaust  also  have  an  important  bearing  on 
the  matter,  so  that  the  last  two  orders  given  are  in  most  general  use. 
The  Winton  Six,  Fig.  109,  shows  the  employment  of  okIct^W., 

o 
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For  the  V-type  eight-cylindo-  motor,  the  possible  firing  orders 
are  as  follows: 


(m)  IR  IL  3R  2L  4R  4L  2R  3L 
(n)  IR  IL  2R  3L  4R  4L  3R  2L 
(o)  IR  4L  2R  3L  4R  IL  3R  3L 
(p)    IR  4L  2R  3L  4R  IL  2R  2L 

As  the  last  four  mentioned  involve  different  firing  orders  in 
each  set  of  four  cylinders,  they  need  not  be  considered. '  With  the 


(i)  IR  IL  2R  2L  4R  4L  3R  3L 
(j)  IR  IL  3R  3L  4R  IL  2R  2L 
(k)  IR  4L  2R  3L  4R  IL  3R  2L 
(I)    IR  4L  3R  2L4R  IL  2R  3L 
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rocker-arm  type  of  valve  lifters  using  only  eight  cams,  as  in  the 
De  Dion  (French,  and  the  first  to  use  an  eight-cylinder  motor), 
Cadillac,  and  King  engines,  it  is  only  possible  to  use  the  orders  k 
and  I,  while,  as  a  matter  of  fact,  all  three  employ  the  order  given  in 
I,  which  b  shown  diagrammatically  in  Fig.  110.  'The  other  possible 
order  for  an  eight  (k)  may  be  read  from  the  same  diagram  by  turn- 
ing it  around  and  changing  the  numbers  from^  4L  to  ^R^j^XUjtP  2R, 
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and  so  on.  A  curious  fact  is  that  in  each  of  these  orders  the  sum 
of  the  numbers  of  two  cylinders  which  fire  in  succession  is  always  5. 
By  starting  always  with  a  right-hand  cylinder,  the  firing  order  can 
readily  be  determined  by  noUng  whether  the  firing  order  in  one  of 
the  groups  of  four  cylinders  is  1-3-4-2  or  1-  2-  4-  3. 

Just  as  the  eight-cylinder  V-type  motor  is  simply  a  combination 
of  two  groups  of  four  cylinders,  each  of  which  considered  alone 
would  have  the  standard  firing  order  of  a  four,  so  the  twelve- 
cylinder  V-motor  is  ^mply  the  bringing  together  on  one  crankshaft  of 
two  six-cylinder  motors.  The  firing  order  adopted  is  accordingly 
one  of  the  two  preferred  for  the  six-cylinder  motor  (g  and  h),  alter- 
nating from  the  right-hand  to  the  left-hand  group  in  the  same 
manner  as  shown  for  the  eight-cylinder  motor. 

Firing  Orders  and  IgnJtioa  Advance.  Repairs  and  adjustments 
to  the  ignition  system  of  a  motor  are  always  much  easier  to  carry 
out  when  the  characteristics  of  the  system  in  question  are  known. 
For  this  reason  the  firing  orders  of  the  various  models  of  different 
makes,  together  with  the  setting  point  and  the  amount  of  advance 
and  retard,  are  given  here  for  practically  all  makes  of  ears.  Where- 
ever  it  could  be  obtained,  this  information  is  given  for  all  models  of 
every  make  for  the  past  five  years,  but  in  some  instances  it  was  not 
available.  The  information  b  given  in  the  alphabetical  order  of  - 
the  makers'  names  to  make  reference  easy. 
AUen 

1917  Fours.     Firing  order  1-  2-  4-  3. 

Battery  ignition;  extreme  retard,  dead  center;  maximum 

advance  30°. 
Apperson 

1914-15  Fours.    F.O.  1-  3-  4-  2. 

1915-16-17  Sixes.    F.O.  1-5-3-6-  2-  4. 

1916-17  Eights.    F.O.  IR-  41^  3R-  2L-  4R-  11^  2R-  3L. 

Extreme  retard,  dead  center;  maximum  advance  15°. 
Auburn 

Sixes.    Models  Six-45,  Six-46,  and  Six-47. 

F.O.  1-4-2-6-3-5. 

Models  Six-40,  Six-40A,  Six-H,  Six-38,  and  Six-39. 

F.O.  1-5-3-6-  2-  4. 

Most  of  the  above  models  are  equipped  with  battery  ignition. 
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Austin 

Twelves.    F.O.  IR-  IL-  4R-  4L-  3R-  3L-  6R-  61^  2R-  21^  5R-  5L. 
Ddco  system. 
Biddle 

Fours.    F.O.  1-3-4-2. 

Magneto  setting;  full  retard,  upper  dead  center. 
BouivDavis 

Sixes.     F.O.  1-5-3-6-2-4. 
Brewster 

Fours.     F.O.  1-3-4-2. 

Magneto  setting;  maximum  advance  when  piston  is  5  mm. 
(practically  i  inch)  below  upper  dead  center. 
Briscoe 

Fours.    F.O.  1-3-4-2. 

Eights.    F.O.  IR^  IL-  3R-  3L-  4R^  41^  2R-  2L. 

Ignition  setting;  upper  dead  center;  maximum  advance  15**. 
Buick 

1913  Fours.    F.O.  1-3-4-2. 

Remy  Model,  RL  magneto;  extreme  retard,  dead  center; 
maximum  advance  about  30°. 
1914-16  Fours.    F.O.  1-3-4-2. 
Sixes.    F.O.  1-4-2-6-3-5. 

All  models  since  1913  Deico  battery-ignition  system;  extreme 
retard,  7°  beyond  dead  center,  except  on  Modeb  B-24-5  and 
36-7,  on  which  retard  is  40°;  maximum  hand  advance 50°  to 
72".  Models  D^4-5,  D-54-55,  C-54-55,  15°  automatic  ad- 
vance. Models  C-36-37  and  C-4,  automatic  advance  24°  32', 
Cadillac 

Fours.    F.O.  1-2-4-3. 
Sixes.      F.O.     1-  7-3-5-4-2-6-  8. 
Case 

l»14-15-lfr-17  Fours.    F.O.  1-3-4-2. 

Extreme  retard,  dead  center;  maximum  advance  30°. 
Ctiadwick 

Sixes.    F.O.  1-3-2-6-4-5. 
Chalmers 

1912-13-14  Fours.    F.O.  1-3-4-2. 

Magneto  setting;  extreme  retard,  dead  centerv_iv  h_iqIc 

78 
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1914  Sixes.    F.O.  I-  4-  2-  C-  3-  5. 

Magneto  setting;  extreme  retard,  dead  center;  advance  li 
inches  on  flywheel. 

1915  Sixes.    F.O.  1-4-2-6-8-5. 

Atwater  Kent  battery  system;  extreme  retaivl,  1)  inches  on 
flywheel. 

1915  Sixes.    P.O.  1-4-2-6-3-5.    ' 

Magneto  setting;  extreme  retard,  dead  center. 

1916  Sixes.    F.O.  1-4-2-6-3-5. 

Atwater  Kent  battery  system;  extreme  retaid,  dead  center. 
1916  Sixes.    Model  35.    F.O.  1-4-2-6-3-5. 

Remy  magneto  setting;  extreme  retard,  dead  center. 
Chandler 

All  Models.    F.O.  1-5-3-6-2-4. 

Magneto;  extreme  retard;  interrupter  opens  at  top  dead 
center;  this  is  when  back  edge  of  magneto  armature  is  central 
between  pole  pieces;  maximum  advance  30°  to  35°  at  the 
magneto  or  20°  to  25°  at  the  crankshaft. 
Chevrolet 

1912-17  Fours.    F.O.  1-2-4-  3. 
Sixes.    F.O.  1-4-2-6-3-5. 
Eights.    F.O.  IL- 31)^21,  IR- 41,- 2R-3L-4R. 
Chicago 

Sixes.    F.O.  1-5-3-6-2-4. 

Battery  ignition  setting:  extreme  retard,  upper  dead  center. 
Coey 

Fours.    F.O.  1-3-4-2. 
Sbies.    F.O.  1-4-2-6-3-5. 
Cole 

1912-14-15  Sixes.    P.O.  1-5-3-6-2-4. 
1912-13  Fours.    F.O.  1-3-4-2. 
1916-17  Eights.    F.O.  1-8-3-6-4-5-2-7. 
Battery  ignition  on  aU  later  models. 
DeDlon 

Pours.    F.O.  1-3-4-2. 

Eights.    IR-  41^  3R-  21,  4B-  II,  2H-  3L. 

Magneto  fixed  ignition;  setting  point,  6  to  10  mm.  before 
upper  dead  center.  v^iv_,i_ivn. 
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Dixie 

Four.    F.0. 1-3-4-2. 
Dodge 

All  Modeb.    F.0. 1-3-4-2. 

Eisemann  magneto;  setting  point  at  extreme  retard,  5°  In 
advance  top  dead  center;  maximum  advance  30°, 
Dorris 
•  Fours.    F.0. 1-3-4-2. 

Magneto  set  to  fire  at  upper  dead  center  when  fully  retarded. 
Sixes.    F.0.  1-5-3-6-2-4. 

Same  setting;  maximum  advance  35°. 

Don 

All  Models.    F.0. 1-3-4-2. 
Battery  ignition  system. 
Elkhart 

Foure.    F.0.  1-3-4-2.      ' 
Entire 

Model  31.    F.0. 1-2-4-3. 

On  motors  with  chain-driven  camshaft.    Magneto;  fixed 
ignition  point  17°  in  advance  of  dead  center. 

Model  31.    F.0.  2- 1-3- 4. 

On  motors  having  a  gear-driven  camshaft. 

Models  33  and  31-40.    F.0.  1-2-4-3. 

Battery  ignition  with  Remy  distributor;  extreme  retard, 
upper  dead  center. 

Models  40,  45,  and  50.     F.0.  2-1-3-4. 
Battery  ignition. 

Models  60  and  70.    F.0.  1-  5-  3-  6-  2-  4. 

Battery  ignition;  extreme  retard,  upper  dead  center. 
Eater 

Sixes.    ¥.0.  1-5-3-6-2-4. 

Twelves.  F.0.  IR- 11^  5R-  5L-  3R-  3L-  6R-  61^  2R-  2L-  4R-  2L. 
Battery  ignition.  It  will  be  noted  that  this  is  exactly  the 
same  as  the  firing  order  of  the  sixes,  except  that  the  order 
alternates  from  one  group  to  the  other;  this  is  true  of  most 
eight-cylinder  and  twelve-cylinder  motors;  that  is,  the 
firing  order  is  equivalent  to  that  of  two  alternate  fours 
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Erie 

Foure.    F.O.  1-  2-  4-  3. 
Fiat 

Fours.    F.O.  1-3-4-2. 
Sixes.    F.O.  1-4-2-6-3-5. 
Ford 

Fours.    AU  Fours  since  1906.    F.O.  1-2-4-3. 

Sixes.    Built  about  1905  or  1906.    F.O.  1- 2- 3- 6- 5- 4. 

The  Ford  magneto  is  not  timed  to  the  engine;  owing  to  the 
large  number  of  poles  and  armature  coib,  it  delivers  a  con- 
stant current  (alternating)  which  is  timed  by  the  commuta- 
tor, or  timer,  in  the  same  manner  as  with  a  battery  source 
of  supply. 
Franklin 

Sixes.     F.O.  1-4-2-6-  3-  5. 

Magneto  setting  point  measured  on  rim  of  flywheel,  li 
inches  for  Franklin  series  5,  6,  7,  and  8  motors;  2^  inches 
for  series  9  motor.  In  the  series  5-8,  inclusive,  the  flywheel 
is  18  inches  in  diameter,  while  in  series  9  it  is  17  inches. 
Maximum  advance  series  5-8,  7 J  inches  on  flywheel;  series 
9,  7  inches. 
F.  R.  P. 

Fours.    F.O.  1-  2-  4-  3. 

Contact  points  of  magneto  open  when  magneto  armature  is 
f  inch  from  pole  piece,  piston  being  at  upper  dead  center. 
This  gives  spark  at  approximately  dead  center,  with  full 
retard.    Advance  is  maximum  afforded  by  magneto  used. 

aiide 

Fours.    P.O.  1-3-4-2. 

Sixes.    F.O.  1-5-3-6-2-4. 

Magneto  setting;  extreme  retard,  upper  dead  center. 
Qrant 

Fours.    F.O.  1-  2-  4-  3. 

Sixes.    F.O.  1- 4- 2- 6- 3- 5. 
HoUier 

Sixes.    F.O.  1-4-2-6-3-5. 

Eights.    F.O.  1-6-3-5-4-7-2-8. 

Battery  ignition,  Remy  system  on  the  six-cy^iqdej*  model 

'I.I  I-    ..    "■  -     ^^ 
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and  Atwater  Kent  on  the  eight-cylinder.     Ignition  setting; 
extreme  retard,  upper  dead  center;  maximiiin  advance 
approximately  15°. 
Homer-Lau^lln 

1916  Eights.    F.0. 1-  &-  3-  6-  4-  5-  2-  7.     . 

1917  Eights.    F.O.  1-6-3-5-4-7-2-8. 

Magneto  setting  point  approximately  5°  after  piston  passes 
upper  dead  center;  maximum  advance  about  30°. 
Hudson 

Sixes.    F.O.  1-5-3-6-2-4. 

The  following  instructions  for  ignition  setting  as  applied  to  the  . 
Delco  ignition  system  used  on  the  Hudson  cars  are  also  applicable, 
widi  slight  Inodifications,  to  practically  all  cars  using  this  system, 
although  the  amount  of  advance  will  naturally  differ  in  many  cases, 
first,  remove  the  distributor  head  and  measure  the  gap  between  the 
distributor  contacts.  This  should  be  done  when  they  are  opened  to 
the  maximum.  The  gap  should  be  set  at  .012  to  .018  inch,  using 
the  feeler  gage  on  the  Deico  distributor  wrench  provided  for  this 
purpose.  Set  the  spark  lever  at  the  top  of  the  quadrant  or  in  the 
fully  advanced  position;  open  all  the  priming  cocks.  When  No.  1 
cylinder  blows  air  out  of  its  priming  cock,  its  piston  is  rising  on  the 
compression  stroke. 

On  Model  Six-40,  1914,  No.  1  cylinder  is  due  to  fire  in  the 
advanced  position  when  the  line  A  on  the  flywheel  readies  the  pointer 
attached  to  the  crankcase.  This  may  be  observed  throu^  the 
inspection  hole  on  the  flywheel  housing  on  the  left  side  of  the  motor. 
This  line  A  is  2|  inches  before  dead  center  for  cylinders  Nos.  1  and  6. 
The  1915-16  Six-40  Models  are  due  to  fire  on  No.  1  cylinder  J  inch 
before  dead  center;  1914-16  Model  54,  6  inches  before  dead  center; 
1916  Super  Six,  |  inch  before  dead  center,  the  setting  in  each  case 
bdng  checked  by  bringing  the  line  A  on  the  flywheel  directly  oppodte 
the  pointer. 

After  the  piston  of  No.  1  cylinder  has  been  brought  to  the  prop^ 
position,  loosen  the  cam  on  the  distributor  shaft  by  turning  out  the 
set  screw  in  the  center  of  the  shaft.  Set  the  distributor  so  that  when 
the  contacts  are  just  opening,  the  button  on  the  rotor  comes  under 
No.  1  on  the  distributor  head.  The  spark  occurs  the  instant  the 
contacts  separate.    In  checking  the  timing,  the  cam  should  be  held 
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in  tension  against  its  direction  of  rotatioa,  which  is  dockwiae,  so  that 
all  play,  or  iUuMath,  wiU  be  taken  up.  The  set  screw  must  always 
be  screwed  home  tight  after  checking  or  making  an  adjustment,  to 
prevent  its  slipping.  The  rotor  should  now  be  replaced  on  the 
distributor  shaft,  first  rubbing  a  shght  amount  of  vaseline  on  the 
rotor  track  with  the  finger,  and  the  distributor  head  put  back  in 
position  tightly. 
Hupp 

Up  to  1912.    Model  20.    P.O.  1-  2-  4r  3. 

Bosch  high-tension  magneto;  fixed  firing  point. 
Up  to  1915.    Model  32.     F.O.  1-2-4-3. 

Magneto;  manual  advance. 
Models  K  and  N.    F.O.  1-2-4-3. 

Atwater  Kent;  manual  and  automatic  spark  advance. 
1911-12.    F.O.  1-3-4-2. 

Magneto;  extreme  retard,  upper  dead  center;  advance  371". 
Interstate 

1915-17.    Model  T.    F.O.  1- 2- 4- 3. 

Magneto  setting;  extreme  retard,  upper  dead  center;  maxi- 
mum advance  20°. 
1914-15.    Model  45.    F.O.  1- 5- 3- 6- 2- 4. 

Extreme  retard,  upper  dead  center;  maximum  advance  37i°. 
Jackson 

1917.    Model  349.    F.O.  Rl- LI- R3- L3- R4- L4- R2- L2. 
Jeffery 

1913  Fours.    F.O.  1-2-4-3. 

1914  Fours.    F.O.  1-3-4-2. 
Advance  35°. 

1915  Fours.    F.O.  1-  3-  4-  2. 
Advance  35". 

1915  Sixes.    Model  104.    F.O.  1-5-3-6-4-2. 
Advance  22i°. 

Sixes.    Model  106.    F.O.  1-4-2-6-3-5. 
Advance  221°. 

1916  Sixes.    Model  96.    F.O.  1-4-2-6-  3-  5. 
Advance  22i''. 

Sixes.    Model  661.    F.O.  1- 5- 3- 6- 2- 4.        ^      ,,  GoOQlf 
Advance  24°.  "'^ '""'  *    '       o 
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F0U13.    Models  462  and  472.    P.O.  1-3-4-2. 

Advance  28°. 
1917  Sfaies.    P.O.  1-5-3-6-4-2. 

Advance  28°. 
Pours.    P.O.  1-3-4-2. 

Advance  28°.     Magneto  setting  point  all  models;  spark 

lever  full  retard,  dead  center. 
Kbit 

1913-14  Fours.    P.O.  1-3-4-2. 

1915-16  Eights.    P.O.  II,  SIU  31,  6R-  41,  6IU  2L-  7R. 

Battery  ignition;  automatic  spark  advance;  extreme  retard, 

upper  dead  center;  advance  increases  automatically  with 

speed  of  motor. 
Kbadkar 

Pours.    P.O.  1-3-4-2. 

Sixes.    Models  PI  I,  G9,  and  GIO,  1912-15,  Six-60  and  Six- 

48.    P.O.  1-4-2-6-3-5. 
Model  Six-42  and  Hundred  Point  Six.    P.O.  1-  5-  3-  6-  2-  4. 
KUnc 

Pours.    P.O.  1-2-4-3. 

Up  to  and  including.1914  Sixes.    P.O.  1-4-2-6-  3-  5. 
1915-17  Sixes.    P.O.  1-5-3-6-2-4. 
Lexington-Howard 

1908-12  Pours.     P.O.  1-3-4-2. 
1914-15  Fours.     P.O.  1-3-4-2. 
1913-14  Sixes.     P.O.  1-5-3-6-2-4. 
1915-17  Sixes.    P.O.  1-5-3-6-2-4. 

Setting  point  with  full  retard,  dead  center. 
Liberty 

Sixes.    P.O.  1-5-3-6-2-4. 

Distributor  set  1  inch  late. 
Locomobile 

1910-12  Pours.    P.O.  1-  2-  4-  3. 
1913  Sixes.    P.O.  1-5-3-6-2-4. 

The  armature  shaft  of  the  magneto  is  set  so  that  the 

H-shaped  core  is  14  millimeters,  or  .551  inch,  from  the  pole 

piece  of  the  magneto  for  Model  30  and  21  millimeters,  or 

.827  inch,  for  Models  38  and  48.         ^'  ""  "  ^^'"^cV^ 
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1914-15  Sixes.    F.O.  1- 5- 3- 6- 2- 4. 

The  armature  shaft  of  the  magneto  is  set  so  that  the 
H-shaped  core  is  21  millimeters,  or  .827  inch,  from  the  pole 
piece  of  the  magneto  in  Model  38  and  25  millimeters,  or 
.985  inch,  for  Model  48. 

1916-17.    F.O.  1- 5- 3- 6- 2- 4. 

The  magneto  is  set  so  that  with  the  spark  lever  fully  ad-  . 
vanced,  the  spark  occurs  while  the  piston  is  still  ^  inch  from 
upper  dead  center  on  Model  48  and  ^  inch  on  Model  38. 
McFarlan 

1912  Sixes.    F.O.  1- 4- 2- 6- 3- 5. 

Eisemann  magneto;  interrupter  set  back  of  center  at  full 
retard,  i  inch. 

1913  Sixes.    Teetor  motor.    F.O.  1-  5-  3-  6-  2-  4. 
Interrupter  set  back  of  center  at  full  retard,  h  inch. 
Herschel  motor.    F.O.  1-4-2-6-3-5. 

Eisemann  magneto;  interrupter  set  back  of  center  at  full 
retard,  i  inch. 

1914  Sixes.    F.O.  1-  5-3-6-2-  4. 

Mea  magneto;  interrupter  set  back  of  center  at  full  retard, 
i  inch. 

1915-17  Sixes.    F.O.  1- 5- 3- 6- 4- 2. 

Westinghouse  and  Bosch;  interrupter  set  back  of  center  at 
full  retard,  J  inch.  The  amount  of  advance  provided  is  25° 
on  the  interrupter  housing,  with  the  exception  of  Model  65, 
which  has  I5i°  automatic  advance  and  17i°  hand  advance. 
Madison 

Sixes.    F.O.  1-5-3-6-  2-  4. 

Eights.    F.O.  IR-  IL-  3R-  3L-  4R-  4L-  2IU  2L. 
Battery  ignition. 
MarioD-Handley 

1916-17  Sixes.    F.O.  1- 5- 3- 6- 4- 2. 
Marmon 

Up  to  1912  Fours.    F.O.  1-3-4-2. 

1913-17  Sixes.    F.O.  1- 5- 3- 6- 2- 4. 

Magneto  setting  [wint,  with  spark  lever  fully  retarded,  one 
inch  past  upper  dead  center,  as  measured  on  flywheel;  maxi- 
mum advance  35°.  un  i^  n  ,  v^iv.'i.ivii- 


156  ELECTRICAL  EQUIPMENT 

Maxw«ll 

Modd25.    F.O.  3-4-2-1. 

Magneto  b  set  to  fire,  with  spark  lever  at  fully  retard 
when  piston  has  traveled  sV  inch  down  on  firing  stroke. 
Mercer 

1913-17  Fours.    F.O.  l-3-4r2. 

Magneto  setting,  with  spark  lever  fully  advanced,  1  inch 
before  piston  reaches  upper  dead  center,  or  41°  on  flywheel. 
MUitaire 

Fours.    F.O.  1-3-4-2. 

Setting  point;  extreme  retard,  upper  dead  cento-. 
MHcbeU 

Fours.    F.O.  1-3-4-2. 
Sixes.    F.O.  1-5-3-6-2-4. 
1912-14  Models,  inclusive. 

Magneto  setting;  extreme  retard,  upper  dead  center. 
191&-16  Models,  inclusive. 

Battery  ignition;  setting  point,  10°  past  upper  dead  center; 
maximum  advance  40°. 
MoUne 

All  Modela.     Foure.     F.O.  1-  3-  4-  2. 

Magneto,  set  to  fire  at  upper  dead  center  with  spark  lever 
fully  retarded. 
Monroe 

Fours.    Model  2.    F.O.  1-  2-  4-  3. 
Models,  3-4.    F.O.  1-3-4-2. 
Battery  ignition. 
Moon 

191ft-17  Sixes.    F.O.  1-  5-  3-  &-  2-  4. 
Murray 

Eights.    F.O.  IR-  11^  3R-  3L-  4R-  4L-  2E^  2L. 

Magneto  setting;  extreme  retard,  1  mch  past  center  line  on 
flywheel. 
Nationa] 

1913-16  Sixes.    F.O.  1-5-3-6-2-4. 

1916-17  Twelves.    F.O.  1-12-9-4-5-8-11-2-3-10-  7-  6. 

Magneto  setting  point,  with  spark  lever  fully  advanced,  IJ 
inches  on  flywheel  before  piston  reaches  upper  dead  center. 
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Oakland 

All  Foui<;yIinder  Models.    F.O.  1-3-4-2. 
All  Sixes.    F.O.  1-6-3-6-2-4. 
Eights.    F.O.  1-8-3-6-4-5-2-7. 
Maximum  advance  allowed,  24°. 
Oldsmobile 

Models  42-43.    Fours.    F.O.  1-3-4-2. 

Deico  battery  ignition  system;  maximum  advance  80°; 
maximum  retard  40°,  measured  on  flywheel,  on  all  models. 
,     Model  54.    Sixes.    F.O.  1-5-3-6-2-4. 

Model  44.    Eights.    F.O.  1-8-3-6-4-5-2-7. 
Packard 

Up  to  1912.    Fours.     F.O.  1-2-4-3. 

Magneto  setting  point,  with  spark  lever  fully  advanced,  \i 
inch  before  piston  reaches  upper  dead  center. 
1912-15  Sixes.    F.O.  1-4-2-6-3-5. 

Magneto  setting  i>oint,  with  spark  lever  fully  advanced,  -^ 
to  5  inch  before  piston  reaches  upper  dead  center. 
1916-17  Twelves.    F.O.  IR-  61^  4R-  3L-  2R-  51^  6R-  ll^  3R- 

41^  5R-  2L. 
It  will  be  noted  that  this  firing  order  is  the  same  in  each  block  of 
six  cyhnders,  beginning  with  No.  1  in  the  right  block  and  following 
with  No.  6  in  the  left,  as  in  the  six-cylinder  model. 

Maximum  advance,  i  inch  before  piston  at  upper  dead  center. 
The  variation  in  the  amount  of  advance  allowed  is  accounted  for 
by  the  difference  in  speed.  The  four-cylinder  motors  were  equipped 
with  a  low-tension  magneto  having  a  considerable  ignition  lag,  so 
that  a  large  amount  of  advance  was  necessary.  The  six-cylinder 
motors  ran  at  a  higher  speed  and  were  equipped  with  a  high-tension 
m^ineto  in  which  the  ignition  lag  was  greatly  reduced,  so  that  not 
as  much  advance  was  necessary.  While  the  ignition  system  of  the 
twin-six  motor  has  no  greater  lag  than  the  high-tension  magneto 
used  on  the  six-cyhnder  motor,  the  speed  is  so  much  greater  that  an 
amotmt  of  advance  approximately  equal  to  that  of  the  much  slower 
four-cylinder  motor  is  necessary. 
Pafce-Detrolt 

I9U-14  Fours.    F.O.  1-3-4-2. 

i91.5-l7  Sixes.    F.O.  1- 5- 3- 6- 2- 4.  0,9  .zedt^Goo^lc 
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Pathfinder 

Twelves.    P.O.  IR- 11^ 4R- 41^ 2R- 2L- 6R- 6L- 3R- 3L- 5R- 5L. 
Battery  ignition. 
Patterson 

1911-12-13Fours.    Models30,41,43,45,and47.   F.0.1-3-4-2. 

1914-15.    Model  Four-32.    F.0.1-3-4-2. 

1915  Sixes.    Model  Six-48.    F.0. 1- 5- 3- 6- 2- 4. 

1916.  Model  Six^.     F.O.  1- 5- 3- 6- 2- 4. 

1917.  Model  Six-45.     F.O.  1-5-3-6-2-4. 

Magneto  settings;  extreme  retard,  dead  center,  on  all  models. 
Peerless 

1912  Fours.    F.O.  1-2-4-3. 
Sixes.    Models  J  and  K.    F.O.  1-3-2-6-4-5. 
Sixes.    Model  L.    F.O.  1-4-2-6-3-5. 
1913-14  Sixes.    F.O.  1-4-2-6-3-5. 

1915  Sixes.    Model  5K.    F.O.  1-4-2-6-3-5. 
Sixes.    Model  EE.    F.O.  1-5-3-6-  2-  4. 
Fours.    Model  DD.    F.O.  1-3-4-2. 

1916  Eights.    F.O.  IR-  11^  3R-  31^  4R-  4L-  2R-  2L. 

1917  Eights.    F.O.  IR-  41^  3R-  21^  4R-  IL-  2R-  3L. 

Model  2J.    Full  advance  is  equivalent  to  3i  inches  before 
dead  center,  as  measured  on  the  flywheel. 
Model  2K,  3f  inches  before  dead  center. 
Model  2L,  21  inches  before  dead  center. 
Model  5K,  4  inches  before  dead  center. 
Model  TC  (commercial  motor),  28",  or  4.68  inches,  before 
dead  center  on  maximum  advance  and  7°,  or  1.17  inches, 
past  dead  center  on  full  retard. 

Last  50  Model  2E,  2|  inches  full  advance  instead  of  3| 
inches. 
Pierce-Arrow 

AU  Sixes.    F.O.  1-5-3-6-2-4. 

Model  C4.  Magneto  set  to  have  interrupter  contacts  open 
when  magneto  mark  on  flywheel  is  directly  opposite  pointer 
on  CTankoase;  battery  system;  spark  occurs  when  igniter 
mark  on  flywheel  is  opposite  pointer  on  crankcase  and  mark 
indicating  cranks  of  Nos.  1  and  6  cylinders  is  directly  on 
top  center.  in  1 1^  1 1 ,  v^ivn-iv  n^ 


ELBXITRICAL  EQUIPMENT  156 

Model  B4.  Magneto  set  to  liave  interrupter  contacts  open 
when  magneto  mark  on  flywheel  registere  with  pointer  and 
mark  indicating  cranks  of  No3.  1  and  6  cylinders  is  ■^  inch 
over  top  center;  battery  system;  spark  occurs  when  igniter 
mark  on  flywheel  registers  with  pointer  and  mark  indicating 
cranks  Nos.  1  and  6  cylinders  is  directly  on  top  center. 
Model  A4.  Magneto  set  to  have  interrupter  contacts  open 
when  magneto  mark  on  flywheel  registers  with  pointer  and 
mark  indicating  cranks  Nos.  1  and  6  cylinders  is  ]|  inches 
over  top  center;  battery  system;  spark  occurs  when  igniter 
mark  on  flywheel  regbters  with  pointer  and  mark  indicating 
cranks  Nos.  1  and  6  cylinders  is  J  inch  over  top  center. 

Pilllod 

Fours.    F.O.  1-3-4-2. 

Magneto  set  to  give  15°  retard  and  15°  advance. 

I^mJer 

1916-17  Sixes.    F.O.  I-  5-  3-  &-  2-  4. 

With  the  spark  lever  fully  retarded,  the  breaker  points  are 
set  to  open  2"  to  3°  late  on  flywheel,  while  the  maximum 
advance  is  25°.  The  pistons  are  not  accessible  when  motor 
is  fully  assembled. 

Princess 

Fours.    F.O.  1-  2-  4-  3. 

Setting  point  for  magneto,  8°  past  dead  center  at  full  retard; 
maximum  advance  20°. 


Fours.     F.O.  1-2-4-3. 
Regal  ' 

AD  Fours  except  1915-16.    F.O.  1-  2-  4-  3. 

1915-16  Fours.    F.O.  1-3-4-2. 

1916-17  Eights.    F.O.  IR-  ll^  3R-  31^  4R-  4L-  2IU  2L. 

The  mf^eto  in  earlier  models  and  battery-ignition  system 
in  later  cars  set  to  fire  at  upper  dead  center,  with  spark  lever 
in  fully  retarded  position.  Remy  magneto  on  1909-10  cars; 
Michigan  magneto  1910-14;  Atwater  Kent  system  1915 
modeb;  Connecticut  system  1916  models;  and  Heinze- 
Springfield  starting,  lighting,  and  ignition  system  1917 
models.    Maximum  advance  in  all  cases  approximately  30°. 
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R«o 

1910-17  Fours.    F.O.  1-3-4-2. 

1915-17  Sixes.    F.O.  1- 4- 2- 6- 3- 5. 

1910-15,  Four-Cylinder  Models.    Magneto  setting,  i  inch 
before  upper  dead  center,  with  spark  lever  in  fully  retarded 
position;  maximum  advance  5}  inches. 
1916-17,  Four-Cylinder  Models.     Magneto  setting,  upper 
dead  center;  maximum  advance  6^  inches. 
1915,  Six-Cylinder  Model.    Magneto  setting,  1  inch  before 
upper  dead  center;  maximum  advance  7^  inches. 
1916-17,  Six-Cylinder  Models.    Magneto  setting,   upper 
dead  center;  maximum  advance  Sh  inches.    All  measure- 
ments are  on  the  periphery  of  the  flywheel;  1  inch  on  the 
latter  is  equivalent  to  7.10°, 
Ross 

Eights.    F.O.  IR-  2L-  5R-  6L-  7R-  8L-  3R-  4L. 
Battery  ignition. 
Saxon 

Fours.    F.0.1-3-4r2. 

Sixes.    F.O.  1-5-3-6-  2-  4. 
Scripps-Booth 

Fours.    F.O.  1-3-4-2. 

Eights.    F.O.  lRrlLr3R-3L-4R-4L-2R-2L. 
Simplex 

Fours.    P.O.  1-3-4-2. 

Sixes.    F.O.  1-4-2-6-3-5. 


Sixes.    F.O.  1-4-2-6-3-5. 

Magneto  setting;  extreme  retard,  top  dead  center. 
SpauMiiq; 

Fours.    F.O.  1-3-4-2. 

Models  CP  and  CS,  Remy  magneto;  Model  E,  Bosch 
magneto;  Model  G,  Eisemann  magneto;  Models  H  and  I, 
Simms  magneto;  magneto  settings;  extreme  retard,  dead 
center. 
Sphinx 

Fours.     F.O.  1-3-4-2. 

Battery  ignition.  d„  .z.dt,GoOg[f 

M 
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Standard 

Eights.     F.O.  IR-  IL-  3R-  31^  4R-  41^  2R-  2L. 

Ignition  setting  point,  magneto  contacts  just  opening 
with  piston  2  inches  (on  flywheel)  past  dead  center  at 
full  retard ;  maximum  advance  25°. 
Steams 

1912—14  Fours.     F.O.  1-  2-  4-  3. 

1915—17  Fours.     F.O.  1-  3-  4-  2. 

1913—15  Sixes.     F.O.  1-5-3-6-2-4. 

191ft—]  7  Eights.    F.O.  IR-  81^  3R-  6L-  4R-  6L-  2R.  7L. 
All  the  above  have  the  Knight  motor. 
1915 — 17.     Magneto  setting,  with  the  spark  lever  fully 
retarded,  is  1\^  inches  past  dead  center,  as  measured  on 
the  flywheel. 

On  all  other  models,  the  magneto  setting  point  is  upper 
dead  center;  maximum  advance  in  all  cases  is  approxi- 
mately 30". 
Studebaker 

Model  20.     Fours.     F.O.  1-  2-  4-  3. 

All  Other  Fours.     F.O.  1-3-4-2. 
All  Sixes.     F.O.  1-5- 3- 6- 2- 4. 

All  Four-Cylinder  Models.  Ignition  setting  point  is  4 
inches  before  upper  dead  center,  a^  measured  on  the  fly- 
wheel. All  Six-Cylinder  Models.  Ignition  setting  point 
is  5%  inches  before  upper  dead  center,  as  mea^^ired  on 
the  flywheel. 
Stutz 

All  Four-Cylinder  Models.     F.O.  1-3-4-2. 

AU  Six-Cylinder  Models.    F.O.  1-  4--  2-  6-  3-  5. 
Sun 

Sixes.     F.O.  1-4-2-6-3-5. 
Tbomat 

Sixes.    F.O.  1-4-2-6-  3-  5. 

Ignition  setting  point,  magneto  contacts  opening  ^  inch 
en  travel  of  piston  before  upper  dead  center  at  full  advance. 
Trumbull 

Fours.     F.O.  1-3-4-2. 

Fixed  ignition  scttine.  ^--  i 

*"  DigizedtvUOOglf 
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Velie 

1916-17  Sixes.    F.O.  1-5-3-6-2-4. 

Ignition  setting  point,  upper  dead  center  with  spark  lever 

fully  retarded. 
Westcott 

1910-14  Fours.    F.O.  1-3-4-2. 
1913-17  Sixes.    F.O.  1-6-3-6-2-4. 

1910-14.    Remy  and  Bosch   magnetos;  ignition   setting 

point,  upper  dead  center. 

1914  Fours.    Atwater  Kent  system,  upper  dead  center. 
1913  Sixes.     Bosch  magneto;  ignition  setting  point,  with 
spark  lever  fully  retarded,  1}  inches  Iat«,  or  past  dead  center. 

1915  and  later  Sixes.     Delco  ignition. 
Willys-Overland 

All  Four-Cylinder  Models.    F.O.  1-  3-  4-  2. 
AU  Six-Cylinder  Modeb.    F.O.  1-5-3-6-  2-  4. 

Magneto  setting  point,  with  spark  lever  fully  retarded,  | 
inch  to  H  inches  late,  or  past  dead  center;  maximum 
advance  30"  to  35°. 
WInton 

Since  1907.     Sixes.    F.O.  1- 5- 3- 6- 2- 4. 

Magneto  setting  point  with  spark  lever  fully  retarded,  upper 
dead  center. 
Wiring.  Necessity  for  Higli^Termon  Cables.  Mention  has  been  ' 
made  of  the  fact  that  in  early  days  much  trouble  was  experienced 
with  poorly  insulated  and  poorly  mounted  wires.  This  was  par- 
ticularly the  case  with  the  secondary  circuits,  the  insulation  of  which 
was  frequently  inadequate  to  carry  currents  at  the  high  potentials 
employed,  so  that  there  was  more  or  less  leakage.  This  was  further 
aggravated  by  the  chafing,  or  rubbing,  of  these  wires  against  moving 
parts.  The  former  trouble  was  eliminated  by  the  adoption  of 
specially  constructed  cables  which  are  tested  to  carry  30,000  volts. 
Cables  of  this  type  are  illustrated  in  Fig.  Ill,  which  also  shows  the 
cables  employed  for  electric  lighting  and  starting  installations,  where 
the  chief  difficulty  has  usually  been  the  selection  of  a  cable  of  too 
small  a  carrying  capacity  for  the  current  used. 

The  importance  of  using  heavily  insulated  cables  for  both  the 
primary  and  secondary  cables  of  the  ignition,  and,  more  particularly 
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the  latter,  has  come  to  be  generally  understood,  and  cables  especially 
designed  for  this  service  have  now  been  in  use  for  a  number  of  years; 
but  the  importance  of  using  wiring  of  ample  capacity,  in  the  lighting 
and  starting  circuits,  is  not  so  well  appreciated.  In  the  former 
instance,  the  problem  was  one  of  insulation  only,  the  amount  neces- 
sary to  prevent  leakage  of  the  secondary  current  not  being  fully 
realized  in  the  early  days;  nor  was  the  necessity  for  thoroughly  pro- 
tecting the  primary  cables  from  the  effects  of  oil  and  water  taken  into 
accoimt.  Trouble  from  these  sources,  however,  have  long  since  been  a 
matter  of  the  past;  even  the  well-insulated  cables  now  in  general 


Fig.  111.     Typn  of  Ciibl«  Employed 


'nt  o!  Automobiles 


use  become  oil  soaked  in  time,  but,  when  faulty  ignition  is  thought  to 
be  due  to  them,  they  are  promptly  replaced. 

In  many  of  the  early  electric  starting  and  lighting  systems,  the 
wiring  has  been  as  poorly  adapted  to  the  purpose  as  was  that  of  the 
pioneer  ignition  systems.  This  was  not  on  account  of  improper  insu- 
lation but  owing  rather  to  poor  design  or  to  a  lack  of  consideration 
of  the  importance  that  proper  wiring  has  on  the  efficient  operation 
of  the  system.  No  electrical  system  of  this  kind  is  any  better  than 
its  storage  battery;  and,  as  the  amount  of  energy  that  can  be  hus- 
banded in  the  ktter  is  limited,  every  effort  must  be  made  to  avoid 
waste  in  its  use.  What  constitutes  waste  in  a  standard  lighting 
system  using  current  at  110  to  115  volts,  and  what  may  be  so  termed 
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where  the  available  potential  Is  only  6  volts,  are  two  very  different 
things.  A  voltage  drop  of  one  to  5  volts  in  an  incandescent  lighting 
system  is  negligible.  A  drop  of  5  volts  below  the  110-volt  standard 
will  cause  a  perceptible  dimming  of  the  lamps,  but  the  life  of  the  lamp 
filaments  themselves  will  be  greatly  increased,  other  factors  remaining 
the  same,  so  that  the  loss  in  efficiency  is  not  of  such  great  moment. 

Importance  of  Voltage  Drop.  But,  in  an  electric  starting  and 
lighting  system,  the  loss  of  even  a  fraction  of  a  volt  due  to  the  wiring 
represents  a  substantial  falling  off  in  the  power.  As  mentioned  in  the 
introductory,  the  unit  of  potential,  or  voltage,  times  the  unit  of 
current  flow,  or  ampere,  equals  the  watt  or  power  unit,  and  there  are 
746  watts  in  an  electrical  horsepower.  Take  the  case  of  an  electric- 
starting  motor  with  an  unusually  long  connection  between  the  battery 
and  the  electric  motor.  Assuming  that  the  length  and  diameter  of 
this  wire  is  such  that  there  is- a  loss  of  /  voU  between  the  battery 
and  the  motor  and  that,  at  the  moment  of  starting,  300  amperes  are 
required  to  break  atvay  the  engine,  i.e.,  free  the  pistons  and  bearings 
when  the  lubricating  oil  has  thickened  from  the  cold  so  as  to  bind 
them.  In  the  actualpower  consumed,  this  voltage  drop  represents 
300  X 1 ,  or  300  watts,  equivalent  to  more  than  ^  horsepower. 

The  loss  of  but  i  volt,  other  factors  remaining  the  same,  is  equiva- 
lent to  almost  J  horsepower,  or  about  what  a  strong  man  can  exert 
for  a  limited  time.  This  appears  to  be  getting  things  down  pretty 
fine,  but  in  the  case  of  the  Dyneto  system,  the  manufacturers  specify 
that  the  cable  between  the  starting  motor  and  the  storage  battery 
must  be  large  enough  to  transmit  400  amperes  with  a  Mai  loss  tiot  to 
exceed  1  wH.  With  this  amount  of  current,  the  voltage  drop  in 
question  represents  100  watts,  or  nearly }  horsepower.  Of  course, 
this  loss  only  takes  place  at  the  instant  of  starting,  but  that  is  just 
the  time  when  the  highest  efficiency  and  the  full  power  of  the  battery 
is  required.  Moreover,  the  starting  motor  frequently  has  to  be  opw- 
ated  a  number  of  times,  especially  in  cold  weather  when  the  battery 
efficiency  is  at  its  lowest,  before  the  engine  will  start.  Even  at  the 
lower-current  values  necessary  for  turning  the  en^ne  over  after  it  has 
been  broken  away,  a  drop  of  one  volt  represents  an  appreciable  power 
loss,  as  the  current  consumed  is  anywhere  from  50  to  100  amperes. 
It  will  be  apparent  from  this  why  the  manufacturers  lay  such  empha- 
sis on  their  instructions  not  to  lengthen  connections,  if .  avoidable, 
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and  then  only  to  use  wire  of  the  same  size  and  kind.  This,  of  course, 
does  not  apply  to  the  starting  motor  connection,  as  that  should 
never  be  lengthened  without  increasing  the  diameter  of  the  wire  to 
compensate  for  the  increase  in  length. 

Cakvlating  Size  of  Cable.  It  is  not  advisable  to  do  so  where  it 
can  possibly  be  avoided,  but,  when  made  necessary  by  the  fitting  of  an 
enclosed  body,  the  following  formula  should  be  used  for  calculating 
the  size  of  cable  that  should  be  employed: 


.25 
section  of  wire  in  circular  mils 

For  example,  in  the  case  cited  above,  where  the  maximum  current 
at  the  instant  of  starting  is  300  amperes  and  the  distance  between  the 
battery  and  the  starting  motor  is  four  feet  (measured  from  battery 
to  switch  and  from  the  latter  to  the  starting-^notor  terminal),  the 
size  of  wire  necessary  would  be: 


.25 

As  shown  in  the  table  on  page  27,  which  gives  the  corresponding 
sizes  of  the  B  &  S  gage,  the  nearest  to  this  is  No.  3  wire  of  52,634 
circular  mils  cross-section,  but,  to  allow  for  a  factor  of  safety,  either 
a  No.  2  or  a  No.  1  wire  would  be  used  for  such  an  installation.  Now, 
in  case  it  becomes  necessary  to  take  the  battery  h'om  the  running 
board  close  to  the  engine  and  place  it  under  the  floor  of  an  enclosed 
body,  increasing  the  length  of  wire  needed  to  8  feet,  the  cross-section 
of  the  wire  required  would  be  98,720  circular  mils,  the  closest  gage 
number  to  this  being  the  No.  0  cable.  In  other  words,  doubling 
the  length  of  the  cable  would  make  it  necessary  to  double  its  cross- 
section  in  order  to  prevent  exceeding  the  minimum  permissible  drop 
in  the  voltage.  This  will  make  plain  why  some  of  the  amateur 
experiments  in  re-locating  the  essentials  of  an  electric  starting  system 
have  had  such  disastrous  effects  on  its  efficiency. 

Effect  on  Lights.  In  the  case  of  the  lamps,  the  effect  of  an 
increased  drop  in  the  voltage  is  not  so  serious;  though,  because  of  the 
very  low-battery  voltage  available,  what  would  otherwise  be  a 
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negligible  loss  assumes  important  proportions.  On  the  3-cell  6-volt 
battery  now  so  generally  used,  the  lamp  filaments  are  designed  to 
burn  to  full  brightness  on  a  potential  of  6  to  8  volts,  this  variation 
being  provided  to  compensate  for  the  difference  in  the  battery  voltage 
when  fully  charged  and  when  partly  discharged,  as  the  voltage  of  the 
battery  decreases  as  it  discharges,  dropping  to  but  1.50  volts  per  cell 
when  practically  exhausted,  or  a  total  of  4^  volts.  Even  if  receiving 
this  full  voltage,  the  6-voIt  bulbs  would  burn  very  dimly,  but  there 
must  be  deducted  from  it  the  voltage  drop  due  to  the  wiring  and  the 
switches.  This  is  the  reason  why  the  brightness  of  the  lamps  (with 
the  generator  Idle)  affords  such  an  excellent  indication  of  the  state 
of  charge  of  the  battery. 

It  will  be  apparent  from  the  above  that  a  drop  in  potential  of  but 
one  volt  in  the  lighting  circuit  would  cause  a  serious  loss  of  efficiency 
at  the  bulbs.  Assuming  that  the  headlights  consume  4  to  5  amperes, 
and  applying  the  above  formula  on  the  basis  of  a  maximum  distance 
of  10  feet  from  the  battery,  it  is  found  that  a  No.  16  wire  is  necessary; 
but,  in  order  to  provide  a  large  factor  of  safety,  nothing  sqialler  than 
No.  14  wire  is  ordinarily  employed  for  the  lighting  circuits,  and,  in 
some  cases,  it  is  No.  12, 

Importance  of  Good  Connections.  Under  the  head  of  "Resist- 
ance", however,  attention  has  been  called  to  the  fact  that  not  alone 
the  length  and  size  of  the  connecting  wires,  but  also  all  switches  and 
joints  are  factors  in  calculating  the  total  resistance  of  a  circuit. 
Consequently,  it  is  poor  practice  ever  to  make  a  joint  in  a  wire  where 
a  single  length  may  be  employed.  Whenever  a  wire  is  broken  by 
accident,  the  trouble  should  always  be  remedied  by  replacing  it  with 
an  entirely  new  piece  rather  than  by  making  a  joint  in  the  old  wire- 
Loose  connections  also  add  greatly  to  the  total  resistance  in  a  circuit, 
as  well  as  connections  in  which  the  contact  faces  of  the  terminals  are 
dirty  or  corroded.  In  replacing  or  tightening  connections,  care  should 
be  taken  to  see  that  the  parts  in  contact  are  scraped  or  filed  bright 
and  that  both  the  terminal  nut  and  its  lock  nut  are  screwed  down 
firmly.  The  switches  are  also  an  important  factor  where  voltage 
drop  is  concerned  and  switch  blades  or  contacts  that  are  dirty  or 
corroded,  or  that  are  not  held  firmly  in  contact  when  closed,  will 
be  responsible  for  an  appreciable  drop  in  the  voltage  that  will  become 
increasingly  perceptible  as  the  battery  becomes  discharged,  •-^i^ 
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Masneto  Mounting.  As  the  magneto  is  timed  exactly  with 
the  motor,  it  must  be  positively  driven  synchronously  with  it  at  a 
speed  depending  upon  the  number  of  cylinders.  This  is  crankshaft 
speed  on  a  four-cylinder  and  one  and  one-half  times  crankshaft  speed 
on  a  six.  It  has  become  standard  practice  to  a  very  lai^  extent  both 
here  and  abroad  to  mount  the  magneto  on  a  "pad"  or  shelf  attached 
to  the  crankcase  and  drive  it  from  a  special  auxiliary  shaft,  usually 
also  utilized  for  driving  the  water  pump  or  other  motor  auxiliary. 
Variations  from  this  are  to  be  found  in  the  Renault  and  a  few  other 
European  as  well  as  American  cars,  in  which  the  magneto  is  mounted 


Fig,  112.     Mauatiog  of  Magneto  on  Loiiei  Cu 

at  the  forward  end  of  the  motor  and  driven  by  a  cross-shaft  and  helical 
gears  directly  from  the  crankshaft  of  the  motor.  The  only  advantage 
of  this  is  slightly  greater  accessibility.  In  any  case,  the  magneto  is 
not  permanently  fastened  but  is  simply  held  on  its  support,  against 
movement,  by  dowel  pina  in  the  base  and  a  strap  clamp  tightened  with 
a  thumb  nut,  as  shown  in  Fig,  112,  which  may  be  regarded  as  typical 
of  American  practice.  As  the  efficiency  of  the  magneto  depends  to  a 
considerable  extent  on  the  very  limited  clearance  between  its  arma- 
ture and  the  pole  pieces  of  the  field,  usually  termed  the  armature 
tunnel,  precautions  are  taken  to  avoid  placing  any  stress  on  it  that 
could  tend  to  disturb  this  accurate  alignment.  The  driving  shaft 
is  accordingly  provided  with  a  universal  joint,  the  long  familiar 
Oldham  coupling  being  much  used  in  this  country  for  the  purpose. 
On  the  Fierce-Arrow  a  leather  disc  universal  drives  the  magneto  and 
also  cushions  the  armature.  un  i_  n  ,  v^ivn-ivn. 
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IGNITION— (Continued) 
MODERN  BATTERY  IGNITION  SYSTEMS 
Effect  of  Starting  and  Lighting  Devek^ments  on  Ignitioti. 

Prior  to  the  advent  of  the  electrical  starting  and  lighting  systems, 
the  magneto  had  reached  a  degree  of  development  that  appeared  to 
leave  not  the  slightest  doubt  as  to  its  representing  the  ultimate  type 
of  ignition  current  generator.     With  the  installation  of  a  direct- 
currentgenerator  capable 
of  supplying  more  than 
enough  current  for  light- 
ing and  starting  the  car 
and  charging  a  storage 
battery  of  high  capacity, 
however,  it  appeared  that 
there  was  a  duplication 
of    electrical    apparatus 
for  which  there  was  no 
good    economic   reason. 
In  other  words,  with  such 
an   ample   and   reliable 
source  of  current  on  the 

car  as  that  presented  by         ^'*'  "^'  ^""^"awb^™"""'  *'"'  '■"'*""' 
the  charging   generator 

and  storage  batterj',  why  continue  the  magneto?  There  is  no  sound 
reason  why  one  electrical  system  should  not  combine  all  three  functions 
of  ignition,  lighting,  and  starting,  and  this  has  been  successfully  carried 
out  on  the  Cadillac  for  several  years  past,  while  the  Reo  and  other 
makes  have  more  recently  followed  suit. 

Qenerator  Design  Follows  Magneto.  Precedent.  Several  gen- 
erator designs  have  been  developed,  which  resemble  that  of  a 
magneto.     In  the  Westinghouse  generator.  Fig.  113,  and  the  Remy, 
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Fig.  114,  their  contact  breakers  are  of  the  magneto  type,  as  will  be 
plain  from  the  Remy,  Fig,  62,  and  the  Westinghouse,  Fig.  115,  to 
cite  but  two  examples  of  a  number.  In  thecase  of  the  Westinghouse, 
tiie   objection   previously   held   against   battery    ignition — that   it 


required  much  more  manipulation  of  the  spark  advance  lever  to 
obtain  efficient  motor  running — has  been  overcome  by  the  provision 
of  a  centrifugally  operated  automatic  advance  device,  Fig.  115,  simi- 
lar in  principle  and  results  to  the  Eisemann  and  Herz  devices,  Figs. 


Fig.  115.    Weatinghauae  Contact  Breaker  wi 


102  and  105,  though  differing  from  them  in  construction.  The 
distributors  employed  are  practically  identical  with  those  used  on 
magnetos,  but  all  resemblance  disappears  when  the  machine  is, 
dismantled,  Fig., 116,  revealing  a  compact  direct-current  generator. 
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Tig.  116.    Detwla  WeatinBbouse  LiKhting  and  Ignitioa  GeuerXot 

TYPICAL  ARRANGEMENTS 

Westinghouse  Ignition  Unit.  This  is  a  combination  of  all  the 
essentials  of  magnetic  ignition,  i.e.,  the  interrupter,  distributor, 
induction  coil,  and  condenser,  brought  together  in  a  compact  unit 
adapted  for  mounting  either  on  the  lighting  generator  itself  or 
directly  on  the  engine.  It  supersedes  the  type  of  ignition  and 
lighting  generator  previously  described  and  which  now  will  be  found 
only  on  cars  of  earlier  models.  As  will  be  noted  in  Fig.  117,  its 
components  are  the  counterparts  of  the  same  essentials  on  the 
magneto,  except  that  the  interrupter  cam  has  four  lobes,  so  that  no 
further  description  is  necessary. 

Fig.  118  is  a  wiring  diagram  of  the  connections.  The  interrupter 
and  condenser  are  located  at  the  bottom  of  the  housing  with  the 


Fie.  117.     Details  of  WestinghouK  iKniUon  Unit 
CourtMK  0/  Wctiaoluiuie  ElectrU  and  Manu/arlurine  Company.  Bait  PUiiburah.  Pennn/ttania 

induction  coil  above  and  the  distributor  at  the  top.    To  prevent  an 
excessive  amount  of  current  passing  through  the  ignition  ^t^^jt^  a 

"     o 
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"ballast  resistor"  is  connected  in  series  with  it.  This  is  a  resistance 
unit  which,  in  the  various  models,  is  combined  either  with  the  switch 
or  with  the  fuse  box,  or  may  be  mounted  independently.  In  case 
this  resistance  unit  should  become  inoperative  for  any  reason,  the 
car  may  be  run  by  replacing  it  with  a  standard  5-ampere  fuse  cart- 
ridge. A  fuse  of  larger  capacity  than  this  should  not  be  used'and 
the  car  should  not  be  run  any  longer  than  absolutely  necessary  with 
the  fuse  in  place,  as  the  in- 


Sgark  Plujs 


terrupter  contacts  would  be 
badly  burned.  The  working 
of  the  interrupter  contacts 
may  be  inspected  by  loosen- 
ing the  set  screw  at  the 
bottom  of  the  housing  and 
lifting  the  distributor  an  inch 
or  so.  Fig.  U9. 

Atwater-Kent  System. 
The  Atwater-Kent  system  is 
based  on  a  "sin^e  spark" 
interrupter  and  was  the 
pioneer  in  making  battery 
ignition  successful  on  the 
modem  automobile  before 
the  advent  of  the  perfected 
lighting-generator,  thecurrent 
source  usually  being  a  dry-cell 
battery.  It  was  considered 
an  advantage  in  earlier  years 
to  produce  B  series  of  high- 
tension  sparks  in  the  cylinder 
on  the  theory  that,  if  the 
first  failed  to  explode  the  charge,  it  would  be  fired  by  the  subsequent 
sparks.  The  fallacy  of  this  long  since  became  apparent  and  the 
reason  therefor  has  been  dwelt  upon  already.  The  Atwater-Kent 
interrupter  is  typical  of  devices  of  this  class  which  have  been 
developed  since  and  as  it  Is  fitted  on  thousands  of  cars  which  come 
to  the  repair  man's  attention  at  one  time  or  another,  a  detailed 
description  of  its  working  is  pven  here. 
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Operaium  qf'Unisparker".  Theratchetvi.Fig.  120,ha3a3inany 
notches  as  there  are  cylindere  to  be  fired.  It  is  mounted  on  the 
central  vertical  shaft  of  the  device  which  also  carries  a  distributor, 
and  in  this  combined  form  is  known  as  a  "Unisparker".  On  four^ 
cycle  engines  it  is  driven  at  half  crankshaft  speed,  and  at  crankshaft 
speed  on  two-cycle  engines  (motor  boats).  The  ratchet  A  engages 
the  lifter  B,  and,  as  A  rotates,  its  teeth  or  notches  successively  tend 
to  draw  B  with  them,  against  the  tension  of  the  spring  C.    In  doing 


Fie.  tl9.     WsniDcboiue  IpulioD  Unit  iritb  Interrapwr 
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Company,  Bort  PtMruroh,  Pmnn/t-caiia 

so,  the  head  of  B  strikes  the  swinging  lever  or  "hammer"  D,  whose 
motion  in  both  directions  is  limited  as  shown,  and  the  hammer 
communicates  the  blow  to  the  contact  spring  E,  bringing  the  con- 
tact points  together  momentarily.  £  is  a  compound  spring,  the 
straight  member  of  which  carries  the  movable  contact,  while  the 
stationary  contact  F  ia  mounted  opposite  it.  The  second  member 
of  this  compound  spring  is  curved  at  its  end  to  engage  the  straight 
member.  Ordinarily  the  straight  spring  blade  is  held  under  the 
tension  of  the  curved  blade  and  the  contact  points  are  held  apart. 
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When  the  curved  blade  is  struck  by  the  hammer  D  the  points  con- 
tact. The  curved  blade,  however,  is  thrown  over  farther  by  the 
impact  and  its  hook  leaves  the  straight  blade.    Upon  reaching  the 


iter-Kent  Interrupter 


limit  of  its  movement  it  flies  back  and  strikes  the  end  of  the  straight 
blade  a  blow  causing  a  very  sharp  break  of  the  circuit.  This  move- 
ment is  so  extremely  rapid  that  it  cannot  be  detected  by  the  unaided 
eye,  so  that  its  working  cannot  be  tested  simply  by  ^'^tt^ung^the 
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operation  of  the  contacts  as  in  the  case  of  a  magneto  interrupter. 
B,  C,  and  D,  of  Fig.  120,  show  the  successive  movements  of  the  parts 
during  a  single  phase.  In  ^,  a  notch  of  the  ratchet  has  engaged  B 
and  b  drawing  it  against  the  tension  of  the  spring  C.  In  the  second 
sketch  B,  the  hook  is  released.  In  C,  the  lifter  is  riding  back  over 
the  rounded  portion  of  the  ratchet  and  striking  the  hammer  D, 
which  in  turn  pushes  E  for  a  brief  instant  against  F.  The  return  of 
B  to  the  position  shown  in  sketch  D  is  so  rapid  tliat  the  eye  car  not 
follow  the  movement  of  the  parts  D  and  E,  which  to  all  appearances 
remain  stationary. 

Adjustment  of  the  contact  points  is  made  by  removing  one  of 
the  thin  washers  from  under  the  head  of  the  contact  screw  F,  and 
the  gap  should  be  .010  to  .012  inch,  never  exceeding  the  latter. 
Where   more   accurate    means   of 
determining  this  dbtance  are  not 
available,  it  may  be  gaged  with  a 
piece  of  manJla  wrapping    paper 
which  should  be  perfectly  smooth. 
With  the  aid  of  a  "mike"  (microm- 
eter) a  sheet  of  paper  of  the  proper 
thickness  can  be  selected.    The  con- 
tacts are  of  tungsten  and  aa  the 
moving  parts  are  all  of  glass-hard 

steel,    very   accurately   machined,        f[».  121.  Connociimt  loienupwr 
the  wear  ia  negligible  so  that  adjust- 
ment is  not  required  oftener  than  once  in   10,000  mites  running 
and  replacement  only  after  50,000  miles. 

With  this  interrupter  it  is  impossible  to  run  the  battery  down 
by  leavmg  the  switch  closed  inadvertently,  as  the  contacts  are 
never  together  when  the  moving  parts  are  idle.  The  remainder  of 
the  system  comprises  an  induction  coil  (nonvibrator)  and  a  high- 
tension  distributor. 

Connecticut  Battery  System.  While  this  system  also  employs 
a  ^gle-spark  interrupter,  it  is  what  ia  known  as  a  "magneto  type", 
and  the  similarity  to  those  employed  on  magnetos  for  the  same 
purpose  will  be  noted  in  Fig.  121.  A  characteristic  of  this  type  of 
interrupter  is  that  its  contacts  normally  remain  closed  so  that  if 
the  ignition  switch  is  left  on,  the  battery  will  be  run  dtjiy^i^T^ 
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prevent  this  in  the  Connecticut  system,  an  automatic  switch  acting 
on  the  thermoelectric  principle  ia  employed.    The  interrupter  con- 
sists of  a  semicircular 
ann   of  sheet  steel  to 
make  it  light.    This  is 
pivoted  at  one  end,  car- 
ries a  roller  at  its  center 
and  the  movable  contact 
at  the  other  end.  It  is  in- 
sulated  from   its   pivot 
and  the  roller  is  of  fibre. 
The  vertical  bindingpost 
is  eleetricallv  connected 
with  the  stationfiry  con- 
tact and  the  second  one, 
at   an    angle,   connects 
with  the  movable  con- 
tact. While  an  interrupter  of  this  type  has  practically  no  lag,  means 
of  advancing  the  moment  of  ignition  are  provided  (lever  extension 
at  left),  as  the  spark  must  occur  earlier  at  high  engine  speeds  to 
permit  of  propagating  the 
ADJUSTMENT         flame  (hroughoutdiocharge 
1/    SCREW  in  the  extremely  short  time 

available  in  the  modem 
high-speed  engine.  As  the 
contacts  are  opened  only 
momentarily,  the  interrup- 
ter is  in  circuit  most  of  the 
time  and  accordingly  is  not 
economical  of  current,  so 
that  it  is  designed  only  for 
use  with  the  battery  and 
generator  of  the  lighting 
and  starling  system. 

Fig.    122,  shows   the 
complete  Connecticut  sys- 
n,.  m,  conn«tiout  A«t«m«ic  Switch         (g^,    (mmus  the  switch) 
aa  designed  for  mounting  on  a  magneto  bed  plate.      The  distrib- 
utor is  mounted  over  the  interrupter,  while  the  coil  is  at  tho 
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right.  The  primary  of  the  coil  is  not  grounded,  insulated  leads 
being  connected  to  the  two  binding  posts  of  the  interrupter,  as 
shown.  The  grounding  of  the  secondary  winding  of  the  coil  is 
effected  through  the  metal  holding  band  and  the  bolts  fastened  to 
the  bed  plate.  A  glass  tube  b  employed  to  house  the  safety  gap 
which  is  mounted  under  the  cover  of  the  coil. 

AvbmuUic  Switch.  The  purpose  of  the  automatic  switch,  Fig. 
123,  is  to  open  the  circuit  in  case  the  switch  button  has  been  left  on 
with  the  car  stopped.  The  current  passing  with  the  contacts  clo'sed, 
when  the  engine  is  idle,  is  much  greater  than  when  it, is  constantly 
being  interrupted  by  the  rapid-fire  action  of  the  cam,  but,  unlike  a 
circuit-breaker,  the  device  is  not  designed  to  act  instantly  upon  the 
passing  of  an  overload  current  as  this  would  prevent  cranking  the 
motor.  The  device  consists  of  a  thermostatic  arm  regulated  by 
the  adjustment  screw  at  the  top  of  the  figure,  an  electromagnetic 
vibrator  the  armature  of  which  carries  a  hammer,  and  the  necessary 
connections.  Current  enters  at  either  the  right-  or  left-hand  screw 
at  the  bottom,  according  to  whether  the  switch  is  closed  at  the  end  of 
the  sectors  at  the  right  or  left  of  the  figure  (M  or  B  on  the  switch 
cover  plate),  and  flows  through  the  heater  tape  on  the  arm  of  the 
thermostat  to  the  screw  at  the  upper  right  in  the  figure.  This 
heater  tape  is  a  resistance  that  becomes  warm  upon  the  passage  of 
a  certain  amount  of  current  for  a  short  time  and,  with  an  increase 
in  temperature,  causes  the  arm  of  the  thermostat  to  bend  until 
it  makes  contact  with  the  upper  thermostatic  arm.  This  puts 
the  windings  of  the  magnet  in  circuit  through  the  post  just  below 
the  magnet  coils  and  sets  the  vibrator  in  motion,  causing  the 
hammer  on  the  armature  to  strike  the  switch  button  and  open  it. 
Fig.  124  is  a  typical  wiring  diagram  in  connection  with  the  lighting 
system,  the  automatic  switch  being  combined  with  the  lighting 
switch. 

Remy  System.  The  relation  that  the  various  essentials  of  a 
battery-ignition  system  of  the  types  here  described  bear  to  each 
other  is  made  clear  by  glancing  at  the  graphic  wiring  diagram  of 
the  Eemy  system,  Fig.  125.  The  starting  switch  shown  at  the  left 
has,  of  course,  no  connection  with  the  ignition  system  but  is  iucluded 
in  the  illustration  because  the  current-supply  wire  for  the  hitter  is 
connected  to  one  terminal  of  the  starting  switch  instead  of  b^ng 
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taken  directly  to  the  battery.  This  is  done  simply  to  save  wire. 
The  source  of  current  supply  is  the  storage,  and,  as  is  the  case  with 
ail  one-wire  systems,  one  side  of  the  battery  is  grounded,  as  shown. 
Similar  ground  connections,  necessary  to  complete  the  circuit,  will 
be  noted  at  the  various  units  of  the  system.  The  colors  mentioned 
in  connection  with  the  various  wires  are  those  of  their  insulation, 
which  serves  to  identify  them. 

Delecting  Groumb.  All  current  used  by  the  ignition  system 
passes  through  the  ammeter,  which  thus  serves  as  a  method  of  de- 
tecting grounds.     For  example,  if,  with  the  engine  idle  and  all  lamps 


Fig.  125.     EsiientialB  of  Battery  Ignltiun  .'iyatf  m 

turned  off,  the  ammeter  registers  a  discharge,  it  indicates  a  leak  in 
the  system.  By  disconnecting  the  wires  leading  to  the  lamps,  relay, 
and  ignition  switch  in  turn,  the  particular  part  of  the  system  in  which 
the  fault  lies  may  be  detected.  If,  for  instance,  the  ammeter  needle 
immediately  drops  back  to  zero  upon  disconnecting  the  lead  to  the 
ignition  switch,  it  indicates  that  the  lealc  is  in  some  part  of  the 
ignition  system;  if  it  still  indicates  a  dischai^  after  disconnecting 
this  lead,  it  shows  that  the  leak  is  in  one  or  the  other  of  the  two  re- 
maining parts  of  the  system  to  which  the  wires  in  question  lead, 
and  it  may  be  found  by  continuing  the  process  of  elimination  further. 

Should  the  ammeter  still  show  a  discharge  reading  after  disconnecting 

I.I  i.\:,,-<.-'\.'y.i^i^ 
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all  three  of  these  wires,  the  trouble  would  lie  either  in  the  starting 
switch  or  in  the  cable  connecting  it  with  the  battery.  This  could  be 
proved  by  disconnectmg  the  switch  from  the  battery  and  running  an 
independent  lead  from  the  battery  to  the  ammeter,  temporarily. 
There  is  always  a  possibility,  of  course,  that  the  fault  may  lie  in  the 
ammeter  itself.  A  current-measuring  instrument  is  necessarily  of 
delicate  construction  and  is  apt  to  sulfer  from  the  vibration  and  jolt- 
ing. Before  carrying  out  all  the  above  tests,  make  certain  that 
the  ammeter  needle  has  not  become  stuck. 

Ignition.  Switck.  From  the  ammeter,  Fig,  125,  the  current  passes 
to  the  ignition  switch  of  the  reversing  type,  that  is,  it  serves  to 
change  the  direction  in  which  tiie  current  flows  every  time  it  is  turned 
on.  For  the  purposes  of  either  ignition  or  lighting,  it  b  immaterial 
in  which  direction  the  current  flows,  but  the  latter  has  an  important 
bearing  on  the  life  of  the  expensive  contact  points  in  the  interrupter. 
As  has  been  expired  previously,  the  passage  of  a  current  through 
contact  points  or  across  a  gap  tends  to  transfer  the  material  of  the 
positive  electrode  to  the  negative,  resulting  in  the  formation  of  a 
cone  at  the  positive  and  a  crater,  or  hollow,  at  the  negative.  When 
the  points  have  worn  to  this  condition  through  long  service,  the 
contact  is  poor  and  Uncertain,  while  the  points  are  apt  to  stick,  and 
to  put  them  in  good  working  order  means  filing  away  some  of  the 
platinum  which  is  more  costly  than  gold.  The  use  of  a  reversmg 
switch,  which  alternately  makes  the  same  point  positive  and  negative, 
keeps  both  contacts  in  better  condition  for  a  greater  length  of  time. 

One  side  of  the  ignition  switch  is  grounded  on  the  oiler,  through 
which  the  current  passes  to  the  frame  to  which  the  oiler  or  its  support 
is  attached.  This  particular  connection  is  merely  a  matter  of  con- 
venience and  is  only  another  instance  of  saving  wire.  The  wiring 
diagram  in  question  shows  the  installation  of  the  Remy  system  on 
the  Scripps-Booth  four-cylinder  chassis;  on  other  machines,  the 
ground  connection  will  usually  be  found  in  some  equally  convenient 
point  close  to  the  switch.  The  two  remaining  connections  from  the 
ignition  switch  run  to  the  coil  and  the  interrupter,  or  contact  breaker, 
respectively,  and  complete  the  primary  circuit. 

Intemipter  and  DiatrOmtor.  The  mtemipter  is  enclosed  in  the 
same  housing  as  the  distributor,  Fig.  125,  and  is  dbectly  below  it. 
\s  with  a  magneto,  the  coil  is  grounded  by  attaching  it  to  ita  pedestal 
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on  the  car,  the  plate  shown  serving  as  a  ground  connection  for  one 
side  of  both  the  primary  and  the  secondary  windings  of  the  coil. 
Consequently,  but  one  connection  for  the  primary  circuit  and  one 
for  the  secondary  circuit  need  be  made  from  the  coil  to  the  interrupter. 
By  tracing  the  connections  just  described,  it  will  be  plain  that 
when  the  contacts  of  the  interrupter  are  closed,  current  flows  from 
the  battery  through  the  primary  of  the  coil.  The  revolving  members 
of  both  the  interrupter  and  the  distributor  are  mounted  on  a  vertical 
shaft  driven  by  helical  gearing  from  one  of  the  half-time  shafts  of 
the  engine.     When  the  cam  on  this  shaft  opens  the  contact  points 
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Fi(.  129.     Delco  Macnelo  Type  [DteiTupt«r 

of  the  interrupter,  the  primary  circuit  is  suddenly  broken,  and  a 
high-tension  current  is  induced  in  the  secondary  winding  of  the  coil. 
As  the  revolving  member  of  the  distributor  is  timed  to  make  contact 
with  one  of  its  stationary  segments  every  time  the  contacts  of  the 
interrupter  open,  the  secondary  current  is  led  to  one  of  the  spark 
plugs.  The  occurrence  of  the  spark  at  the  plug  is  practically  simul- 
taneous with  the  opening  of  the  interrupter  contacts. 

Delco  System.  A  magneto-type  interrupter,  substantially  sim- 
ilar to  that  of  the  Connecticut  system  except  that  it  is  provided 
with  an  automatic-spark  advance,  is  used,  as  shown  in  Fig.  126. 
The  arm  B  carries  the  movable  contact  D  and  a  fiber-striking 
lug  which  bears  against  the  four-part  cam  and  is  lifted  by  its  revo- 
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lution  against  the  tension  of  the  leaf  spring  held  against  the  inner 
wall  of  the  housing.  The  stationa-v  contact  is  at  C  and  is  adjusted 
by  means  of  the  screw  and 
locked  in  place  by  the  nut 
N.  These  contacts  should 
be  so  adjusted  that  when 
the  fiber  block  on  B  is  on 
top  of  one  of  the  lobes 
of  the  cam,  the  contacts 
should  open  sufficiently  to 
allow  the  gage  on  the  dis- 
tributor  wrench,  provided 
with  the  system,  to  close 
the  gap.  As  in  the  Con- 
necticut interrupter,  the 
contacts  normally  remain 


mentarily  by  the  cam,  which  has  as  many  projections  as  there  are  cyl- 
inders to  be  fired.  This  is  the  latermodel  of  Deleo interrupter  (1916). 
jw7Z'.'Hn».w«>c/d»..u«A<>  Earlier  Model  Ivier- 

,  rupter.  In  an  earlier  model 
which  will  be  found  on  a 
great  many  cars,  the  con- 
tacts are  normally  held 
open.  Fig.  127.  The  mov- 
able' contact  is  carried  on 
a  straight  spring  blade  to 
which  is  attached  a  bent 
^ring  blade  B  held  against 
the  cam  by  the  spring  E. 
The  latter  also  places  the 
spring  C  under  slight  ten- 
sion and  holds  the  mov- 
able contact  away  from 
the  stationary  contact  D. 
When  the  projection  of  the 
cam  strikes  the  raised  portion  of  B,  it  deflects  the  latter  and  allows 
the  contact  points  to  come  together.     As  it  passes  the  bump  on  B,  E 


Tit.  I2B.     Dalco  Timer  wi 
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draws  B  back  sharply,  its  end  strikes  C,  and  the  contacts  axe  suddenly 
opened,  the  duration  of  the  contact,  varying  with  the  speed  of  the 
engine. 

Timer  wiih  Resiatarwe  Unit.  Mention  has  been  made  of  the  fact 
that  the  contacts  of  the  interrupter  in  the  battery  system  of  ignition 
are  normally  closed,  just  as  they  are  in  the  magneto  interrupter, 
only  the  circuit  being  opened  at  this  point  at  the  time  of  ignition. 
Owing  to  the  rapidity  of  their  action  and  the  extremely  short  interval 


between  contacts  in  the  interrupter  of  a  high-speed  engine,  this  calls 
for  a  very  small  current  consumption.  Should  the  ignition  switch 
be  left  closed  when  leaving  the  car,  however,  the  timer  cam  is  just  . 
as  likely  to  stop  in  the  closed  position  as  in  the  open,  and  this  small 
steady  discharge  will  result  in  exhausting  the  storage  battery.  To 
prevent  this  waste  of  current  and  possible  damage  to  the  contacts 
and  coil,  a  later  type  of  timer  has  been  provided  with  a  resistance 
unit.  This  is  shown  on  the  left-hand  terminal  of  the  timer.  Fig.  128,  - 
which  illustrates  the  type  used  on  the  Cole,  among  others.    The  unit 
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consists  of  a  small  open  coil  of  high-resistance  wire  wound  upon,  a 
porcelain  spool  mounted  on  the  head  of  the  terminal. 

All  the  current  passing  through  the  timer  must  first  pass 
through  this  resistance  winding,  but,  owing  to  the  extremely  short 
period  it  continues  between  interruptions  due  to  the  opening  of  the 
contact  points,  the  resistance  wire  remains  cool.  When  the  switch 
has  been  left  on  with  the  engine  idle,  however,  the  current  is  then 
continuous  andof  greater 
value,  and  it  brings  the 
resistance  wire  to  a  red 
heat  in  a  comparatively 
:jhort  time.  At  this 
temperature,  its  resist- 
ance increases  so  greatly 
that  it  permits  very  lit- 
tle current  to  pass.  It 
will  also  be  noted  that 
the  condenser  is  mounted 
on  the  timer  in  this  case. 
As  ^the  spark  occurs 
at  the  instant  the  timer 
contacts  are  opened,  the 
ignition  timing  may  be 
altered  by  moving  cam  A 
with  relation  to  its  shaft, 
which  is  done  by  loosen- 
ing screw  B.  Turning 
the  cam  in  a  clockwise 

Fig.  130.     Eigbt-Cylinder  Distributor  and  Driv«  (Delco)        direction,  Ot  tO  the  rizht, 

M  llBfld  on  ion  Cadillac  ,  ... 

COBrtMv  of  Davim  Enfinterina  Labtraioriei  Compang.  adVEnCCS  the  time  01  IgUl- 

tion,  and  to  the  left,  or 
counter-clockwise,  retards  it.  The  dbtributor  used  in  connection 
with  this  timer  is  provided  with  automatic  spark  advance,  as  well 
as  with  the  usual  manual  control  on  the  steering  wheel.  T/pi**' 
distributors  for  five-,  eight-,  and  twelve^iylinder  installations  are 
shown  in  Figs.  129, 130,  and  131,  respectively,  the  first  being  found 
IB  the  1917  Dodge,  the  second  in  the  1917  Cadillac,  and  the  third  in 
the  1917  Haynes.    In  Fig.  132  is  illustrated  a  dual-type  timer 
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having  independent  interrupter  contacts  for  both  the  battery  and 
the  magneto.  Apart  from  this  feature,  its  construction  is  the  same, 
rhis  type  is  employed  on  the  Oakland. 

Delco  Ignition  Relay.  As  originally  designed,  the  Delco  igni- 
tion system  was  provided  with  a  relay  to  produce  a  series  of  sparks- 
for  starting  and  a  single  spark  when  running.  While  this  is  no 
longer  a  part  of  the  system,  it  is  in  use  on  thousands  of  cars  now  in 


service.  The  relay  itself  is  shown  in  Fig.  133,  together  with  a 
diagram  of  its  connections.  It  consists  of  an  electromagnet  with 
two  windings,  one  of  coarse  wire  and  one  of  fine  wire,  similar  to  a 
battery  cut-out.  The  coarse  winding  produces  a  greater  magnetic 
effect  than  the  fine  winding  and  exerts  sufficient  pull  on  the  movable 
armature  when  at  rest  to  draw  it  toward  the  end  of  the  ma^et  core. 
It  is  so  connected  that  the  current  ceases  to  flow  through  it  when 
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the  contacts  C  are  open.  The  fine  winding  is  connected  to  the 
contacts  so  that  it  holds  the  armature  of  the  rehiy  open  after  the 
drcuit  of  the  coarse  winding  is  broken  at  the  contacts  C,  and  is 
known  as  the  "holding  coil".  Its  magnetic  pull  is  not  sufficient  to 
draw  the  armature  down  from  its  position  of  rest,  but  strong  enough 
to  hold  it  there  after  it  has  been  pulled  down  by  the  other  winding. 
A  condenser  is  connected  around  the  contacts  C  to  suppress  the  arc 
and  increase  the  speed  of  working.    A  three-way  switch  is  provided, 


Fig.  132.     Dsloo  Dual  Type  Tinier  with  Two  Beta  of  Contacla 

having  a  point  for  "starting",  one  for  "running",  and  a  neutral 
point.  When  on  the  starting  point,  the  relay  operates  continuously, 
the  same  as  a  vibrator,  and  produces  a  series  of  sparks;  on  the 
running  point,  the  fine  winding  of  the  coil  is  ener^zed  and  the  con- 
tacts held  together,  thus  producing  a  single  spark. 

Interrupter  for  Higher-Speed  Engines.  For  the  extremely  high- 
speed engines  now  coming  into  general  use,  a  special  interrupter 
having  two  sets  of  contact  points  and  a  three-part  cam  is  employed 
{for  six-cylinder  motors).  Each  set  of  contacts  is  connected  to  a 
relay  so  that  the  circuit  is  closed  through  the  two  relays  alternately, 
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thu3  giving  each  magnetic  interrupter  more  time  in  which  to  open 
and  close  the  circuit.  Fig.  134  illustrates  the  connections  of  a 
system  of  this  type,  the  interrupter  being  shown  just  above  the 
coil,  while  Fig.  135  shows  the  complete  wiring  diagram. 

Adjusting  Deleo  IgniHon  Relay.    The   ignition   relay  is  con- 
nected in  the  dry-battery  circuit  and  serves  to  interrupt  the  primary- 


ignition  circuit,  inducing  a  high-tension  current  in  the  secondary  so 
that  a  spark  will  occur  at  the  plugs. 

Methods  of  Connecting  Relay.     The  relay  is  connected  to  the 
ignition  coil  and  the  distributor  in  two  ways,  as  shown  in  Figs.  135 
The  operation  of  the  relay,  which  varies  slightly  with 


its  connection  to  the  external  circuit,  is  discussed  as  follows: 


cV^ 
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(a)  (See  Figs.  133  and  135  iaterchangeably.)  The  contacts  0 
of  the  relay  and  the  coil  A  are  in  series,  with  a  special  set  of  timer 
contacts  on  the  dual  distributor.  When  these  contacts  are  closed 
(by  the  revolution  of  the  fiber-timing  cam),  current  passes  through 
the  ignition  coil  and  timer  contacts  and  contacts  C  of  the  relay  and 
through  the  coil  A,  energizing  the  latter.  This  immediately  causes 
the  armature  to  open,  thus  interrupting  the  primary  circuit  and  caus- 
ing a  spark  at  the  plug.  As  soon  as  the  circuit  is  interrupted,  coil  A 
is  no  longer  energized  and  contacts  C  open  again,  this  being  repeated 
indefinitely  as  long  as  the  timer  contacts  are  together.    This  occurs 


only  when  the  circuit  between  the  terminals  No.  6  and  No,  7  on  the 
combination  ignition  and  lighting  switch.  Fig.  135,  is  open,  which  is 
accomplished  by  pushing  the  starting  button.  If  it  is  desired  to 
obtain  but  a  single  spark,  as  for  running  (the  vibrating  contact 
giving  the  repeated  spark  being  simply  for  starting),  the  holding  coil. 
Fig.  133,  is  energized  so  that  wh«i  the  armature  touqhes  the  core,  it 
is  held  there  and  a  single  spark,  similar  to  that  produced  by  generator 
or  storage  battery  ignition,  is  obtained.  This  coil  is  energized  when 
the  terminals  No.  6  and  No.  7  on  the  combination  switch.  Fig,  135, 
are  closed,  which  is  accomplished  by  releasing  the  starting  button, 
(b)  (See  Fig.  136.)  This  is  the  method  used  in  connecting  the 
ignition  relay  on  the  Delco  Junior  system  for  1914.    The  ignition 
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switch  completes  the  primary  circuit,  and,  in  this  manner  of  using 
the  relay,  the  holding-coil  circuit  is  completed  through  the  timer 


firame  of  ear  Knoujn  as  'Srounet' 

Fi«.  13G.     Wiring  DiagraiD  of  Delco  Icnilion  System  UbIds  lUlty 

contacts.  Therefore,  a  vibrating  spark  is  obtained  as  long  as  the 
timer  contacts  are  open,  and  the  timing  of  this  vibrating  spark  is 
obtained  by  the  action  of  the  contacts  upon  the  holding  coil  itself. 
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For  this  reason,  this  method  of  using  the  relay  causes  much  later 
ignition  than  is  obtained  with  the  method  described  in  the  previous 
paragraphs. 

Adjustments.    The  followii^  points  should  be  borne  in  mind 
when  adjusting  the  relay:  When  the  armature  B,  Fig.  133,  is  pressed 


down  with  the  finger,  thus  opening  contact  C,  there  should  be  abso- 
lutely no  motion  of  the  blade  G,  Fig.  137,  carrying  the  lower  contact. 
The  gap  at  C  should  be  approximately  ,005  inch  (thickness  of  a 
piece  of  paper  similar  to,  or  slightly  heavier  than,  that  on  which  this 
book  is  printed).    When  blade  A  is  lifted  gently  by  hand,  the  con- 
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tacts  at  C  should  open  to  the  same  gap  as  before,  viz,  .005.    The 
points  at  C  must  make  perfect  contact. 

There  are  two  adjustments  to  the  relay:  the  air  gap  at  /,  fig. 
133,  which  increases  the  distance  at  C  also;  and  the  tension  exerted 
by  the  spring  A,  Fig,  137,  on  the  contacts  C.  Sliglit  adjustment  of 
the  air  gap  /  may  be  made,  but  in  no  event  should  the  distance 
between  the  contacts  C  be  increased  very  much  over  the  value  men- 


flc.  137.     Method  of  "Cr 


tioned  above.  If  it  is  impossible  to  obtain  a  sufficiently  powerful 
spark  by  adjusting  the  air  gap  slightly,  it  will  be  necessary  to 
increase  the  tension  of  the  spring  A.  This  can  be  done  by  crowning 
the  spring  with  a  pair  of  duck-bill  pliers.  The  spring  is  loosely  held 
between  the  jaws  of  the  pliers  near  the  end  at  which  it  is  screwed 
down  to  the  relay  frame,  and  the  pliers  are  then  moved  along  the  spring 
with  a  downward  pressure  and  a  twist  to  the  right,  as  indicated  in 
Fig,  137.  When  properly  carried  out,  this  operation  will  cause  the 
spring  to  assume  a  curve  similar  to  that  shown  in  the  illustration. 
Fig.  138,  and  a  very  noticeable  increase  in  the  tension  of  the  contacts 


Sprin*»  Should  Look  when  Propotlj  "Crowned" 


will  have  been  effected.    Care  must  also  be  taken  to  see  that  the 
armature  makes  a  right  angle  (90°)  and  that  it  is  free  on  its  pin. 

When  properly  adjusted,  the  ignition  relay  should  take  .6  ampere 
when  furnishing  a  vibrating  spark  with  the  engine  at  rest,  and 
the  reading  of  a  dead  beat  type  of  ammeter,  similar  to  the  Weston 
miniature-precision  instruments,  should  be  approximately  .15  ampere 
when  the  ignition  switch  is  thrown  on.  lmij  n   v^ivi-iviv. 
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TESTING.  ADJUSTMENT.  AND  MAINTENANCE 

Trouble  Nearly  Eliminated  by  Efficient  Devices.  With 
modem  equipment,  trouble  from  electrical  sources  has  been  de- 
creased to  an  almost  irreducible  minimum  and  with  a  knowledge 
of  the  rudiments  plus  consistent  observance  of  a  few  simple  rules, 
these  troubles  can  usually  be  remedied  without  calling  in  outside 
assistance.  Causes  of  failure  are  the  most  important  thing  to  re- 
member as,  with  these  in,  mind,  it  is  far  easier  to  trace  the  trouble 
logically  than  where  the  usual  aimless  hunt  is  undertaken  on  the 
chance  of  striking  the  cause.  It  must  also  be  borne  in  mind  that 
all  causes  of  motor  stoppage  are  not  electrical.  A  dry  gasoline  tank, 
a  plugged-up  gasoLine  feed  line  or  a  choked  carburetert  failure  of  a 
gasoline  pressure-feed  system,  or  a  stopped-up  air  vent  in  a  gravity- 
feed  gasoline  tank  will  have  the  same  effect,  though  one  or  all  of 
them  have  not  infrequently  been  attributed  to  the  ignition  system. 

Causes  of  Failure.  Failures  may  be  generally  classed  under 
three  heads:  short  circuits  or  grounds;  failure  of  current  supply;  and 
failure  of  ignition  devices,  such  as  contact  breakers,  distributors, 
vibrators,  coils,  spark  plugs,  wiring,  connections,  condaosers,  etc. 

Short-CircuUs.  When  a  motor  that  has  previously  been  running 
normally  suddenly  stops  dead,  the  indication  is  almost  invariably 
that  of  a  shortKarcuit  or  groimd.  The  difference  between  the  two 
is  that  a  short  drcuit  takes  place  between  two  wires  or  other  jwrts 
of  the  system,  while  a  ground  is  the  contact  of  a  chafed  wire  or  other 
»q)bsed  part  with  some  portion  of  the  metal  foundation  of  the  car, 
such  as  the  frame  or  motor.  The  effect  is  the  same  in  either  case 
in  that  the  current  takes  a  shorter  path  and  does  not  reach  the 
spark  plugs.  Either  may  occur  in  the  low-  or  high-tension  wiring, 
i.e.,  between  the  contact  breaker  and  the  coil  or  the  battery  and  the 
coil;  or  between  the  secondary  side  of  the  coil  and  distributor. 
Owing  to  the  high  voltage  of  the  latter,  grounding  is  more  apt  to 
result  there  either  from  a  chafed  wire  or  from  a  frayed  end  coming 
in  contact  with  the  motor  or  other  metal.  Failure  from  this  cause 
can  frequently  be  detected  by  sparking  at  the  point  of  breakdown. 
An  "open  circuit"  in  one  of  the  main  feed  cables,  such  as  that  con- 
necting the  magneto  to  the  primary  of  the  coil  in  a  dual  system, 
or  the  secondary  of  the  coil  to  the  distributor,  or  the  bt-ttery  cable 
in  a  battery  system  will  naturf.Iiy  have  the  same  effect.    The  cause 
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b  usually  a  loose  connection;  sometimes,  though  rarely,  a  broken 
wire.  If  the  connection  has  not  pwted  entirely,  irregular  firing 
will  result. 

Failure  of  Cvrrmd  Supply.  Failure  of  current  supply  will  usually 
result  in  erratic  running  as  the  current  weakens  until  it  reaches  a 
point  whereit  is  no  longer  adequate  and  the  motor  stops.  But  the 
symptoms  in  this  case  are  the  same  as  in  gradual  failure  of  the  fuel 
supply,  either  through  a  choked  carbureter  nozzle,  partially 
obstructed  feed  line,  stopped  air  vent,  lack  of  pressure,  op  the  empty- 
ing of  the  tank.  The  motor  will  run  by  fits  and  starts  with  irregular 
missing  at  different  cylinders.  Defection  of  the  contact  breaker  or 
distributor  may  also  manifest  itself  either  by  similar  erratic  opera- 
tion  or  by  sudden  stopping. 

Weak  Magnets.  When  the  engine  fires  regularly  on  the  battery 
but  will  not  do  so  on  the  magneto  except  above  a  certain  speed,  ii 
indicates  that  the  magnets  are  weak  and  need  remagnetizing.  Heat 
and  vibration  weaken  the  magnets,  so  that  on  some  cars  it  is  neces- 
sary to  overhaul  the  magneto  every  five  or  six  thousand  miles, 
whereas,  on  others,  the  magnetism  shows  no  appreciable  falling  olT 
after  two  or  three  seasons'  use.  With  a  new  or  recently  overhauled 
magneto  it  should  be  easy  to  start  on  the  magneto  by  spinning  (by 
hand),  but  this  is  not  conclusive  as  some  engines  will  never  start 
on  the  magneto. 

Testing.  Inspection  of  Wiring.  Examination  of  the  wbing  and 
other  parts  of  the  system  will  usually  suffice  to  reveal  short  circuits 
or  grounds,  or  by  making  emergency  connection  with  extra  wire, 
proper  operation  through  the  latter  indicating  a  failure  of  the  parts 
of  the  wiring  system  thus  replaced.  Extra  wire  should  always  be 
carried  on  the  car  for  this  purpose.  With  the  dual  type  of  ignition 
system  so  generally  employed,  see  that  the  zinc-containing  case  or 
the  protruding  terminals  of  dry  cells  are  not  allowed  to  come  into 
contact  with  the  metal  battery  box  as  this  will  cause  a  ground  that 
is  difficult  to  locate.  The  best  preventive  is  a  small  wood  container 
to  insulate  these  cells  from  contact  with  any  metal.  Water  falling 
on  the  high-tension  cables  will  cause  serious  leaks  that  will  not  show 
in  the  form  of  sparks.  Above  all,  every  part  of  the  system  must  be 
kept  dry ;  sufficient  precautions  are  frequently  omitted  when  washing 
thecar.  u,,-,..il,  v.iv_'i_ivi'- 
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Inspecticm  of  CurrerU  Supply.    To  make  certain  that  erratic 
operation  is  not  due  to  failing  current  supply,  a  small  testing  instru- 
ment, such  as  that  shown  in  Fig.  139,  should  be  carried  on  the  car. 
This  is  the  Hoyt  multimeter,  which  ^ves  an  independent  ampere  and 
vokage  reading  by  dials  on  both  sides  of  the  instrument.    Either  may 
be  used  separately  or  both  simultaneously.    For  dry  battery  testing 
an  instrument  with  a  high  reading  ampere  scale  is  necessary,  that 
shown  being  for  the  current  consumption  of  a  battery-operated 
vibrator  coil  where  economy  is  essential.    Dry  cells  should  test  at 
least  10  to  12  amperes  to  give  an  efficient  spark,  though  they  will 
frequently  operate  on  less.     An  ammeter  should  never  be  employed 
on  a  storage  battery.     For  this 
the  voltmeter  affords  the  best 
test.     Full  instructions  for  the 
care  of    storage    batteries    are 
given  in  the  article  on  "Electric  - 
Vehicles". 

Solving  Troubles.  Inspection, 
of  Contact  Breaker.  Derange- 
ment of  the  contact  breaker  is 
almost  invariably  due  to  wear. 
In  time  the  contact^  points  will 
burn  away  unevenly,  this  being 
more  rapid  in  older  types  not 
provided  with  a  condenser.     If 

not  too  far  gone,  straightening         '^■»^-  (o^i:i,I^iSf,u»"^°"^'" 
with  a  very  fine  file  and  adjust- 

.  ment  will  remedy  this.  Or  they  may  wear  down  so  far  that  the  cam  no 
longer  separates  them,  thus  preventing  the  secondary  coil  from  coming 
into  operation,  as  the  circuit  is  not  opened  in  the  primary  and  no  spark 
takes  place  at  the  plugs.  Ample  adjustment  is  provided  to  take 
care  of  this  and  with  a  little  truing  up  of  the  points  the  trouble  will 
be  cured.  These  contacts  will  sometimes  wear  to  a  point  at  which 
the  cam  will  still  continue  to  open  them  when  running  at  high  speed, 
but  fails  to  do  so  when  the  motor  is  cranked  for  starting  (dual  sys- 
tem). This  provides  the  anomalous  case  of  a  motor  running  per- 
fectly the  day  before  and  absolutely  refusing  to  start  when  next 
cranked.    It  represents  one  of  the  obscure  i 
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as  every  other  part  of  the  system  will  respond  to  the  usual 
tests. 

Remember  Effect  of  Compression  on  Spark.  The  effect  of  com- 
pression on  the  spark  must  also  be  borne  in  mind,  as  an  apparently 
efficient  spark  with  the  plug  out  of  the  cylinder  is  not  equally  effec- 
tive when  subjected  to  the  compression.  Partial  failure  of  the  cur- 
rent supply  is  the  cause  in  this  case,  due  to  weak  dry  cells  or  an 
almost  wholly  discharged  storage  battery  causing  a  drop  in  the 
voltage.  Or  it  may  result  from  spark  plug  points  that  have  been 
burned  away  until  the  gap  is  too  great,  A  inch  being  the  maximum 
distance  recommended. 

Leakage  at  Distributor.  Leakage  may  occasionally  occur  at  the 
distributor  due  to  the  use  of  an  excessive  amount  of  lubricating  oil 
which  picks  up  carbon  dust,  the  latter  being  carried  around 
by  the  revolving  arm  until  it  forms  a  path  for  the  high-tension 
cmrent. 

Spark  Plugs.  A  broken  spark  plug  porcelain  or  an  internal 
short  circuit  of  the  plug,  neither  of  which  may  be  evidenced  exter- 
nally, will  cause  missing  at  that  cylinder. 

Erratic  firing  and  a  very  perceptible  loss  of  power  will  result 
from  the  gaps  of  the  spark  plugs  being  too  lai^.  With  the  powerful 
current  supplied  by  a  storage  battery  or  by  the  modem  magneto  this 
takes  place  by  the  burning  away  of  the  points  of  the  electrodes  in  a 
comparatively  short  time,  it  being  nothing  unusual  for  the  A-inch 
gap  to  increase  to  almost  J  inch  in  a  few  weeks'  running.  This  is 
particularly  the  case  with  the  cheaper  plugs  which  have  iron-wire 
electrodes;  they  may  be  adjusted  with  the  pliers,  however,  until 
there  is  no  longer  sufficient  electrode  left  to  adjust. 

Loss  of  power  will  also  be  occasioned  by  a  plug  that  is  not  tight 
In  the  cylinder  or  where  the  plug  itself  Is  not  tight  Internally,  Squirt 
a  few  drops  of  oil  around  the  base  of  the  plug  on  the  cylinder  and 
also  on  the  porcelain  of  the  plug.  When  the  engine  is  running 
bubbles  will  form  at  these  points :  if  the  plug  itself  is  at  fault,  a  quar- 
ter-turn of  the  nut  holding  the  porcelain  In  place  will  usually  seat  it 
on  the  gasket  and  overcome  any  leakage  at  that  point;  In  case  of 
leakage  around  the  thread  of  the  plug,  a  new  asbestos  gasket  under 
it  or  a  slight  tightening  of  the  plug  itself  where  of  the  Iron-pipe 
thread  class  will  remedy  the  trouble.    Cleaning  at  Intervals  witi^,a 
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stiff  brush  and  gasoline  will  prevent  ahort-circuiting  through  an 
accumulation  of  carbon  on  the  porcelain  and  walls  of  the  shell. 

Sparking  at  Safety  Gap,  In  all  magnetos  of  the  true  high- 
tension  type,  the  safety  gap  is  incorporated  in  the  magneto  itself: 
in  dual-ignition  systems  it  is  in  the  coil,  as  the  latter  must  be  pro- 
tected from  the  battery  current  as  well  as  from  that  of  the  mag- 
neto. Sparking  at  the  safety  gap  is  an  indication  that  there  is  an 
opening  in  the  circuit  greater  than  the  resistance  of  the  secondary 
winding  of  the  coil,  and  unless  the  spark  bridged  the  safety  gap,  the 
insulation  of  the  high-tension  winding  would  be  punctured.  This 
opening  may  be  a  spark  plug  whose  points  are  too  far  apart  or  a 
connection  that  has  dropped  off  either  at  the  plug  or  at  the  coil. 
Owing  to  its  high  voltage  the  current  will  jump  any  gap  smaller 
than  that  of  the  safety  gap  with  no  perceptible  difference  in  the 
firing,  8o  that  loose  connections  on  the  high-tension  side  seldom 
cause  trouble  until  they  actually  separate.  A  piece  of  metal  acci- 
dentally falling  on  it  or  an  accumulation  of  any  conducting  material 
such  as  dirt  or  moisture  will  short-circuit  the  secondary  of  the  coil 
through  the  safety  gap  and  no  current  will  reach  the  plugs.  Frayed 
terminals  in  which  one  or  more  of  the  strands  of  the  flexible  wire 
protrude  and  touch  adjacent  objects  are  sometimes  responsible  for 
a  ^ilar  result;  the  remedy  is  to  wind  with  friction  tape. 

Breakdovm  of  Magneto.  On  cars  employing  a  true  high-tension 
type  of  magneto,  the  battery  system  is  entirely  independent,  as  a 
rule,  so  that  a  fault  in  one  never  involves  the  other.  Where  failure 
of  the  magneto  is  not  due  to  faulty  operation  of  the  interrupter,  it 
may  be  inspected  with  the  aid  of  the  test  lamp  described  in  connec- 
tion with  starting  and  lighting  systems.  Trace  the  various  circuits 
of  the  magneto  in  question;  apply  the  points  to  the  opposite  sides 
of  the  condenser.  The  lamp  should  not  light;  if  it  does,  the  con- 
denser has  broken  down  and  must  be  replaced.  Test  the  primary 
and  secondary  windings  of  the  magneto  in  the  same  way;  the  lamp 
should  light  in  each  case;  if  it  does  not,  there  is  a  break  in  that  par- 
ticular winding  and  a  new  armature  will  be  required.  In  the  case 
of  the  dual-type  magneto  there  is  only  one  winding  on  the  arma- 
tiire,  and  many  of  the  older  makes  (1910  or  earlier)  have  no  conden- 
ser. Many  of  these  older  magnetos  in  the  cheaper  grades  are  fitted 
with  plain  bearings  and  the  wear  of  the  latter  may  allow  the  arma- 
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ture  to  biqjj  against  the  pole  pieces,  or  lack  of  oil  may  cause  the 
shaft  to  bind  in  its  bearings 

When  a  magneto  is  taken  apart  for  any  reason  it  must  always  be 
assembled  with  the  magnets  in  the  same  relative  position  as  formerly, 
otherwise  their  polarity  will  be  reversed  and  the  magneto  will  be 
inoperative.  The  magnets  must  never  be  left  off  the  machine,  even 
temporarily,  without  placing  a  bar  of  iron  or  steel  across  their  poles 
to  serve  as  an  armature  or  "keeper";  unless  this  is  done,  they  will 
lose  their  magnetism  rapidly.  Hemagnetizing  the  magnets  of  a 
machine  that  has  become  weakened  through  long  use  is  a  simple 


process  and  small  electromagnets  for  this  purpose  are  now  to  be 
had  for  garage  use.  They  will  operate,  of  course,  only  on  direct 
current, 

Remagnetizing.  As  misfiring  at  low  speeds  may  be  due  to 
causes  other  than  weak  magnets  on  the  magneto,  the  strength  of 
the  latter  should  be  tested  before  deciding  that  it  is  necessary  to 
remagnetize  them.  With  the  engine  running,  unclip  one  of  the  spark 
plug  leads  and  hold  it  close  to  the  termmal.  If  the  magneto  ts 
developing  a  powerful  current,  it  will  jump  a  gap  of  J  inch  or  more; 
should  it  not  produce  a  spark  at  least  i  inch  long  it  needs  remagnet- 
izing.  In  recharging  the  magnets  their  original  polarity  must  be 
preserved,  as  otherwise  it  will  be  necessary  to  shift  their  locations 
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in  reassembling  them.  Accordingly,  it  is  important  that  unlike 
poles  of  the  pennanent  magnets  and  of  the  electromagnet  be  brought 
together;  ).e.,  the  north  pole  of  the  permanent  magnet  to  the  south 
pole  of  the  recharging  magnet  and  vice  versa.  To  insure  this,  the 
current  should  be  turned  into  the  rechar^ng  m^net  and  the  other 
magnet  held  freely  a  short  dbtance  from  its  poles.  As  unlike  poles 
attract  and  like  poles  repel,  the  magnet  will  find  its  own  proper 
position,  if  allowed  to  do  so.  If  forcibly  held  against  the  poles  of 
the  recharging  magnet  regardless  of  polarity,  the  strength  of  the 
electromagnet  is  so  much  greater  than  that  of  the  weakened  per- 
manent magnets  that  it  will  reverse  their  polarity. 


In  recharging,  set  the  magnet  on  top  of  the  charger  after  its 
polarity  has  been  determined  and  rock  the  magnet  back  and  forth 
on  its  pole  edges  a  number  of  times;  then  lay  it  on  its  side  with  its 
poles  away  from  you  and,  extending  just  beyond  the  far  edges  of 
the  recharging  magnet  poles,  apply  a  keeper  to  the  magnet  poles, 
switch  off  the  current  and  withdraw  the  magnet  sideways  from  the 
recharger.  The  keeper  should  remain  in  place  until  the  magnets  are 
reassembled  on  the  magneto. 

Magrtet  Recharger.  Electromagnets  designed  for  this  purpose 
and  built  specially  for  garage  use  are  now  on  the  market,  or  one 
may  be  made  with  little  trouble.    The  following  design.  Fig.  140, 
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is  from  The  Horseleaa  Age.  The  cores  of  the  magnet  are  made  of 
soft  bar  steel  1  mch  in  diameter  and  3  inches  long.  They  are  secured 
to  a  base  measuring  51  by  li  by  f  inches  and  are  provided  with  pole 
pieces  measuring  IJ  by  1|  by  J  inches.  All  contacting  surfaces . 
should  be  absolutely  flat  and  square  so  that  there  will  be  good 
metallic  contact  over  the  entire  surfaces.  Before  the  wire  is  wound 
on  them,  the  magnets  must  be  insulated.  A  spool  may  be  formed 
by  placing  a  fiber  ring  at  each  end  of  the  magnet  cores,  and  a  better 
job  may  be  made  by  turning  down  a  li-inch  bar,  leaving  a  thin 
collar  of  the  original  diameter  at  one  end.  This  will  support  the 
fiber  ring  at  that  end  while  the  other  rests  against  the  pole  piece. 
The  core  between  the  fiber  rings  is  then  insulated  by  wrapping  with 
several  layers  of  muslin  which  is  ^ven  a  coat  of  shellac  in  alcohol  ' 
and  allowed  to  dry. 

The  winding  to  be  applied  depends  on  the  voltage  to  be  used. 
For  a  6-volt  battery,  wind  on  three  layers  of  No.  12  double  cotton- 
covered  magnet  wire;  for  a  110-volt  circuit,  eight  layers  of  No.  22 
double  cotton-covered  magnet  wire.  The  ends  or  leads  of  the  wire 
are  then  taped  and  the  outer  layers  of  the  coils  shellaced  to  make 
the  exposed  cotton  insulation  more  enduring.  Connect  the  coils 
together  so  that  if  the  current  flows  through  one  right-handed,  it 
flows  through  the  other  left-handed,  when  looked  at  from  above. 
Fig.  141.  Mount  the  completed  magnet  on  a  wooden  base  large 
enough  to  carry  a  single-pole  switch  and  a  binding  post.  The 
battery  or  lighting  mains  are  connected  to  the  binding  post  and  the 
free  terminal  of  the  switch;  the  other  terminal  of  the  switch  being 
connected  to  one  end  of  the  magnet  coil  and  the  other  termmal  of 
the  latter  to  the  binding  post.  Where  designed  for  110-volt  current, 
it  will  be  preferable  to  use  a  double-pole  switch  mounted  on  a  porce- 
lain base  with  two  screw-plug  fuses;  10-ampere  fuse  plugs  being 
screwed  into  the  sockets.  The  free  ends  of  the  coil  are  then  con- 
nected directly  to  the  terminals  of  the  switch  at  the  plugs  and  the 
source  of  current  is  connected  to  the  other  end  of  the  switch.  The 
windings  specified  will  heat  up  quickly,  when  connected  to  current 
sources  of  tbe  voltages  given,  so  that  the  switch  should  never  be  left 
closed  more  than  a  few  minutes  at  a  time. 

Where  direct-current  mains  are  accessible,  the  magnets  may  be 
recharged  without  dismounting  them  from  the  magneto.    Bdog 
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flexible  and  well  insulated,  lamp  cord  may  be  used  and  must  be 
wound  directly  on  the  magnets.  The  bared  ends  of  the  cord  should 
be  twisted  bother  so  that  the  two  wires  form  a  single  conductor. 
Wrap  on  about  fifty  turns  and  connect  this  winding  to  the  main 
switch  through  a  10-ampere  fuse.  Particular  care  must  be  exercised 
to  make  the  connections  so  that  the  magnets  will  not  have  their 
polarity  reversed.  A  current  of  high  value  will  flow  through  the 
winding  during  the  brief  time  that  it  will  take  to  blow  the  fuse. 
While  this  method  obviates  the  necessity  of  taking  the  magneto 
apart,  the  latter  involves  so  little  labor  that  the  use  of  the  magnet 
recharger  usually  will  be  found  preferable,  particularly  where  there 
is  any  doubt  as  to  the  polarity. 

Care  of  Ford  Magneto.    Dirt  will  sometimes  accumulate  under 
the  collector  brush  or  on  the  collector  ring  and  reduce  the  current 
output.    As  a  guide  to  the  operation  of  the 
Ford    magneto,    the   Hoyt  magnetometer, 
Fig.  142,  has  been  devised.   The  calibration 
of  this  is  purely  arbitrary,  the  letters  repre- 
senting Poor,  Medium,  Good,  and  Excellent. 
Probably  end  play  in  the  bearings  is  the 
most  frequent  cause  of  poor  operation  of 
the  Ford  magneto.    This  is  due  to  wear  of 
the  main  crankshaft  bearings  which  permits 
^''  '"'fofpoid'c^ir'"""'""  til*  mi^nets  to  rotate  at  a  greater  distance 
from  the    coils    than   originally   intended. 
Taking  up  this  play  or  replacing  the  bearings  is  natuhally  the  remedy. 
Small  particles  of  metal  may  sometimes  lodge  beneath  the  ribbon 
terminals  of  the  coils,  or  the  latter  may  become  so  thoroughly 
impregnated  with  metallic  dust  as  to  ground  them,  making  them 
inoperative.     Cleaning  and  renewal  of  the  oil  in  the  magneto  housing 
will  remedy  this.     To  test  the  coils,  four  or  six  dry  celb  connected 
in  series  should  be  used.    Attach  one  terminal  of  the  battery  to  the 
collector  brush  or  insulated  plug  at  the  top  of  the  magneto  and  the 
other  terminal  to  the  connection  where  the  last  coil  is  grounded  to 
the  supporting  plate.    Then  with  a  piece  of  soft  iron  touch  the  iron 
core  of  each  coil  to  see  it  if  is  strongly  magnetized.    It  should  take 
some  effort  to  pull  the  iron  away.    A  coil  that  does  not  respond 
properiy  is  probably  grounded.     Weak  magnets  are  occasionally 
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found  to  be  the  trouble,  but  this  is  eomparatively  rare,  as  well-made 
permanent  magnets  are  usually  good  for  years  of  service.  When 
they  are  found,  the  best  remedy  is  to  replace  the  entire  set,  particu- 
larly as  the  cost  is  low. 

SUMMARY  OF  IGNITION  INSTRUCTIONS 

Q.  How  many  different  systems  of  ignition  are  in  use  on  the 
automobile  today? 

A.  Generally  speaking,  only  one,  known  as  the  high-tension 
system.  The  low-tension  system  used  in  earlier  days  has  been  obso- 
lete for  a  number  of  years.  The  single  classification,  however,  may 
be  subdivided  into  several  others  which  are  known  by  their  dis- 
tinguishing features,  the  first  being  determined  by  the  source  of  cur- 
rent supply,  as  magneto-  and  battery-ignition  systems.  These  two 
dasses  may  be  divided  further  according  to  the  type  of  magneto 
employed,  such  as  the  duplex,  the  dual,  and  the  double-spark  types. 
All  battery  systems  are  fundamentally  the  same,  only  difFering  in 
the  type  of  circuit  breaker  and  distributor  employed,  the  mounting 
of  the  latter,  i.e.,  whether  direct  driven  from  the  engine  or  combined 
with  the  lighting  generator,  and  in  the  type  of  controlling  switches 
and  auxiliary  devices. 

DIFFERENT  SYSTEMS 

Q.  Why  Is  the  system  generally  used  termed  "high-tension" 
system? 

A.    Because  the  current  must  be  passed  through  a  step-up 
transformer  or  coil  to  impress  upon  it  a  suffidently  high  voltage  to 
cause  it  to  jump  the  air  gap  in  the  spark  plug. 
Low-Tension  System 

Q.  Is  the  old  low-tension  make-and-break  system  entirely 
obsolete? 

A.  Since  about  1909,  it  has  not  been  used  on  the  automobile 
but  b  still  generally  employed  on  smalt  two-cycle  marine  engines 
and  on  stationary  engines. 

Q.    Why  is  it  not  suitable  for  automobile  ei^nes? 

A.  It  will  not  work  satisfactorily  at  high  speeds  since  its  time 
factor  is  limited  by  mechanical  reasons,  i.e.,  the  inertia  of  the  mov- 
able electrodes  of  the  low-tension  spark  plugs,  whereas,  in  the  high- 
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tension  system,  only  electrical  lag  has  to  be  compensated  for.  It 
Fequires  a  skilled  mechanic  to  time  the  spark  plugs  property  and  they 
will  not  stay  in  adjustment  for  very  long. 

Q.  What  is  the  chief  attention  It  needs  as  enq>loyed  on  marine 
and  stationary  engines  today? 

A.  Keeping  the  electrodes  clean;  the  current  bums  a  film  of 
oxide  on  the  contacts  and  this  insulates  them  to  an  extent  where 
the  low-voltage  current  will  not  pass.  The  timing  of  the  plugs  also 
needs  r^;iilar  attention  as  the  hammering  action  of  their  operation 
tends  to  throw  them  out  of  adjustment.  Considerable  current  is 
required  for  the  efBdent  operation  of  the  low-tension  plugs,  so  that 
where  used  with  batteries  as  on  the  motor  boat,  the  cells  frequently 
become  exhausted  in  a  comparatively  short  time, 

Q.  How  can  the  low-tension  plugs  be  adjusted  to  give  them 
the  proper  timing? 

A.  Turn  the  engine  over  slowly  by  hand  and  watch  the  action 
of  the  plug.  Its  contacts  should  come  together  when  the  piston  is 
three-fourths  of  the  way  up  on  the  compression  stroke;  they  should 
snap  apart  to  cause  the  spark,  the  advance  lever  being  in  the 
retarded  position,  when  the  piston  is  at  upper  dead  center.  Provision 
is  usually  made  for  increasing  or  decreasing  the  length  of  the  rod 
that  operates  the  plug.  If  the  spark  is  occurring  too  late,  causing 
a  falling  off  in  the  power,  shorten  the  rod  sufficiently  by  the  adjust- 
ment to  give  the  timing  sug^sted  above  and  lock  tightly;  if  too 
early,  lengthen  it  just  enough  to  overcome  any  hammering  that 
this  would  cause. 

Q.  Why  should  the  plug  close  the  circuit  so  long  before  the 
piston  reaches  upper  center? 

A.  To  give  the  coil  sufficient  time  to  "build  up",  i.e.,  for  its 
core  to  become  "saturated",  or  thoroughly  magnetized,  as  the 
efficiency  of  the  spark  produced  depends  upon  this. 

Q.    How  does  the  coil  of  a  low-tension  system  act? 

A.  It  is  a  single  winding  of  coarse  wire  on  a  very  heavy  core  of 
fine  iron  wires,  i.e.,  a  coil  having  a  high  self-inductance.  When  the 
dreuit  has  been  closed  a  sufficient  length  of  time  to  permit  this  core 
to  become  saturated  and -is  then  suddenly  broken,  the  current  util- 
ized to  magnetize  the  core  is  redelivered  to  the  coil  and  causes  an 
arc  at  the  plug  as  its  contacts  separate.    The  current  producing  this 
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arc  is  of  much  greater  volume  and  at  considerably  higher  voltage 
than  could  be  obtained  by  making  and  breaking  the  battery  circuit 
without  a  coil  in  it. 

Q.    Does  the  coil  ever  need  i^entloa? 

A.  Only  to  see  that  its  connections  are  dean  and  tight  and 
that  it  is  kept  dry;  owing  to  the  sohdity  of  its  construction,  failure  of 
the  coil  itself  is  almost  unknown.  Test  by  holding  one  terminal  of 
a  three-cell  or  four-cell  dry  battery  on  one  binding  post  and  wiping 
the  other  with  the  wire  from  the  other  ade  of  the  battery  circuit;  a 
bright  flash  should  result.  If  it  does  not,  see  if  the  wire  has  broken 
near  one  of  the  binding  posts  as  this  may  r^idt  from  vibration. 

Q.    Is  this  the  only  low-tension  system  used? 

A.  No.  Several  makes  of  magnetic  plugs  have  been  used  in 
connection  with  low-tension  systems.  Each  plug  is  a  solenoid  the 
plunger  of  which  makes  and  breaks  the  contact  electrically.  No 
mechanism  is  necessary  to  operate  the  plug  but  a  timer  must  be  used 
in  the  circuit  to  close  the  latter  slightly  in  advance  of  the  time  for 
the  spark  to  occur.  This  timer  is  the  same  as  that  used  in  the 
primary  circuit  of  high-tension  systems  employing  vibrator  coils,  as 
on  the  Ford. 

Q.    What  difficulty  is  usually  encountered  with  magnetic  plugs? 

A.  They  seldom  withstand  the  heat  of  the  engine  for  any  great 
length  of  time,  so  that  the  insulation  fails.  Apart  from  this  the 
troubles  encountered  are  the  same  as  with  any  other  system  using 
movable  contacts,  i.e.,  dirt  on  the  contact  points,  failure  to  make 
contact,  broken  connections,  weak  battery,  etc. 

High-Tenslon  SysUm 
Q.    Of  what  does  a  h^h-tenslon  system  consist? 

A.  The  essential  parts  of  a  high-tension  ignition  system  are: 
(1)  a  source  of  current,  such  as  a  dry  battery,  the  storage  battery  of 
the  lighting  and  starting  system,  the  direct-current  generator  of  the 
hitter,  or  a  magneto;  (2)  a  step-up  transformer  or  induction  coil, 
the  primary  winding  of  which  is  in  circuit  with  the  source  of  current 
supply;  (3)  a  contact  breaker  or  interrupter  to  open  this  circuit 
periodically,  i.e.,  once  every  other  revolution  for  each  cylinder  of  a 
four-cycle  engine;  (4)  a  distributor  in  circuit  with  the  secondary 
winding  of  the  coil  and  provided  with  as  many  contacts  as  there  are 
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cylinders;  (5)  a  spark  plug  for  each  cylinder;  (6)  pnmary  and  sec- 
ondary cables  for  the  respective  connections,  and  a  controlling 
switch  to  open  and  close  the  supply  circuit  or  to  change  from  one 
supply  circuit  to  another,  where  both  a  battery  and  a  magneto  are 
employed. 

Q.    How  do  these  essentials  vary  in  different  systems? 

A,  Where  a  battery  is  depended  upon  for  the  current  supply, 
the  interrupter  and  the  distributor  are  usually  combined  in  an 
independent  device  which  is  driven  from  the  camshaft  of  the  engine. 

In  the  case  of  a  magneto,  both  the  interrupter  and  the  dis- 
tributor are  integral  with  it.  This  does  not  apply  to  the  Ford 
magneto  which  has  a  separate  low-tension  timer  and  uses  no  dis- 
tributor, as  there  is  a  vibrating  coil  for  each  cylinder. 

In  what  are  commonly  known  as  modem  battery  systems,  the 
timer  and  distributer  may  be  either  mounted  separately,  as  first 
mentioned,  or  combined  with  the  Hghtiim;  generator. 

CURRENT  SUPPLY  AND  APPLICATION 

Magnetos 
Q.    How  many  types  of  magnetos  are  there  in  general.use? 

A.  Two  general  classes,  the  low-tension  and  the  high-tension, 
and  various  special  types,  such  as  the  dual,  the  double-spark,  the 
duplex,  and  the  inductor  magnetos. 

Q.  What  Is  the  difference  between  lovMension  and  the  high- 
tension  magnetos? 

A.  The  low-tension  magneto  has  only  a  single  winding  on  its 
armature  the  current  being  generated  at  low  voltage  and  trans- 
formed by  passing  through  an  independent  coil,  whereas  the  high- 
tension  magneto  generates  the  current  in  one  winding  and  steps  it 
up  through  another,  both  on  the  same  armature. 

Q.    What  is  a  dual  magneto  and  why  is  it  so  called? 

A.  It  is  a  low-tension  type,  the  interrupter  and  distributor  of 
which  are  also  eny>ioyed  in_connection  with  a  battery  for  starting. 
It  is  so  called  because  these  essentials  are  common  to  both  the 
magneto  and  the  battery  sides  of  the  system. 

Q.    What  is  a  double-spark  nufneto? 

A.  One  provided  with  two  distributors  designed  to  produce 
two  sparks  simultaneously  at  two  different  plugs  in  the  same  cylinder. 
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Q.    What  is  a  duplex  nu^eto? 

A.  One  designed  to  permit  of  passing  the  battery  current 
through  the  armature  of  the  magneto  to  facilitate  starting,  the 
magneto  and  battery  both  acting  together  to  produce  the  spark  at 
low  speeds.  To  accomplish  this  a  commutator  is  mounted  on  the 
armature  shaft  and  the  battery  connected  to  it,  the  magneto  being 
of  the  high-tension  type.  This  commutator  causes  the  battery 
current  to  alternate  in  direction  with  that  produced  by  the  magneto 
so  that  it  is  said  to  be  "in  phase"  with  the  latter. 

Q.   What  is  an  inductor  magneto  and  how  does  it  differ? 

A.  An  inductor  is  employed  instead  of  an  armature,  the 
windings  being  stationary.  The  inductor  is  simply  a  revolving 
piece  of  metal  which  alternately  opens  and  closes  the  magnetic 
circuit.  In  the  K-W  inductor  magneto  this  winding  is  of  copper 
ribbon  and  is  placed  between  the  poles  of  the  inductor;  in  the  Dixie 
magneto  it  is  a  conventional  induction  coil  placed  in  the  hollow  of 
the  magnets  above  the  inductor. 

Q.  Why  can  a  magneto  not  be  run  in  either  dh'ection  equally 
well? 

A.  Owing  to  the  contour  of  the  cam  which  serves  to  open  the 
contacts  of  the  interrupter.  This  must  be  designed  to  operate  the 
magneto  either  as  a  "right-hand"  or  a  "left-hand"  machine. 

Q;    How  is  a  magneto  timed? 

A.  Disconnect  its  drive  from  the  engine.  Turn  engine  over 
by  hand  until  the  piston  of  cyhnder  No.  1  is  exactly  at  the  upper 
dead  center  on  the  firing  stroke.  Turn  the  armature  shaft  of  the 
magneto  to  a  point  where  the  contacts  of  the  interrupter  are  just 
beginning  to  open;  the  brush  of  the  distributor  which  is  then  making 
contact  with  the  distributor  segment  should  be  connected  to  the 
spark  plug  of  cylinder  No.  1.  The  next  brush  should  be  connected 
to  cylinder  No.  2  or  No.  3,  according  to  whether  the  firing  order  is 
1-  2-  4-  3  or  1-  3-  4-  2.  The  armature  of  the  magneto  should  be 
coupled  to  its  drivmg  shaft  in  the  position  as  determined  for  the 
first  cylinder. 

Q.  If  after  timing  a  nii^eto  In  this  manner,  it  is  found  that 
the  q)ai1(-timiag  lever  does  not  give  sutQcient  advance  or  retard, 
what  should  be  done? 

A.     Remove  the  cover  from  the  distributor  housing  of  t^e^ 
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magneto,  the  piston  of  cylinder  No.  1  bdng  at  upper  dead  center  of 
Sring  stroke  and  the  interrupter  contacts  just  about  to  open  as 
directed  for  timing.  Note  the  relative  position  of  the  segment  and 
the  distributor  brush  which  should  be  making  contact. with  it.  If 
the  segment  has  already  pasiied  the  brush,  the  spark-timing  lever 
being  at  the  maximum  advance  position,  remove  the  distributor 
gear  horn  its  shaft  and  from  engagement  with  the  pinion  on  the 
armature  shaft.  Move  it  back  one  tooth  (against  the  direction  of 
its  rotation  which  is  the  opposite  of  that  of  the  armature  pinion) 
and  remesh  with  pinion.  If  this  does  not  bring  it  into  contact  with 
the  brush,  move  back  another  tooth.  Should  the  distributor  seg- 
ment not  have  reached  the  brush  when  in  the  position  as  given 
above,  move  the  distributor  gear  forward,  or  in  the  direction  of  its 
rotation,  one  or  two  teeth,  and  remesh. 

Q.  How  can  the  various  tjpes  of  magnetos  be  Identified,  as 
installed  on  car? 

A.  The  two  types  in  most  general  use  may  be  distinguished  at 
once  by  their  external  connections.  The  so-called  dual  type  can  be 
identified  by  its  separate  coil,  or  transformer,  mounted  on  the  face, 
or  the  front,  of  the  dash,  under  the  hood,  and  the  connecting  cables 
from  the  magneto  to  this  coil.  One  of  these  connections  is  for  the 
primary  of  the  coil,  and  the  other  is  for  the  secondary;  the  other 
ends  of  both  coils  ai*  joined  together  and  connected  to  a  common 
ground  wire,  so  that  the  coil  has  only  three  connections.  The  true 
high-tension  type  can  at  once  be  recognized  by  the  fact  that  its 
only  external  wires  are  those  connecting  the  distributor  plate  of  the 
magneto  directly  with  the  spark  plugs. 

Q,   Of  these  various  tjpes,  which  are  roost  commonly  used? 

A.  The  dual  type  will  be  found  on  most  low-priced  cars 
(except  the  Ford) ,  and  the  straight  high-tension  type  on  higher  priced 
cars  not  using  battery  ignition. 

Q.  In  searching  for  faults,  is  It  easier  to  locate  trouble  in  one 
type  than  in  the  other,  and  is  the  procedure  different  in  each  case? 

A.  Owing  to  its  having  but  a  single  winding  on  it^  armature, 
and  to  the  fact  that  all  of  its  connections  are  external,  the  dual  low- 
tension  magneto  is  the  simpler  of  the  two;  but  the  exposed  location 
of  its  connections  makes  them  more  subject  to  defaidt  than  those 
of  the  high-tension  magneto.    The  procedure  differs  ip^thftt/^^ilure 
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to  operate,  in  the  case  jof  a  dual  magneto,  may  be  caused  by  injury 
to,  or  the  breaking  of,  some  of  these  external  connections;  v^ereas, 
with  the  high-tension  type,  the  cables  are  so  short  and  so  direct  that 
the  fault  is  likely  to  lie  in  the  magneto  itself. 

Q.  Where  would  be  the  most  likely  places  to  look  for  tbe 
cause  of  failure  of  a  dual  m^neto  to  operate? 

A.  In  about  the  order  of  their  liability  to  occur,  these  would 
be  as  follows :  broken  or  faulty  connection  at  one  of  the  coil  terminals ; 
primary  or  secondary  cable,  eoniiecting  magneto  with  coil,  grounded 
through  chafing  or  from  being  soaked  with  oil  and  water;  ground 
between  the  dry  cells  and  the  metal  battery  box  (this  last  is  a  not 
in&equent  ground  and  is  very  annoying  to  locate,  as  it  will  occur 
one  moment  and  disappear  the  next,  owing  to  the  vibration  breaking 
the  contact);  dirt,  oil,  or  excessive  wear  at  the  primary  collector 
brush,  and  simOar  conditions  at  the  brush  which  conveys  the  high- 
tension  current  from  the  coil  to  the  distributor;  failure  of  the  coil 
through  breakdown;  failure  of  the  condenser,  causing  the  interrupter 
points  to  bum  away  rapidly;  a  break  in  the  armature  winding.  All 
of  these  last  are  rare  causes  of  trouble 

Q.    How  are  these  faults  best  remedied? 

A.  Poor  connections  at  the  coil  termimals  can  be  overcome  by 
baring  about  an  inch  and  a  half  of  the  cable  of  insulation,  twisting 
a  i-inch  loop  in  the  end,  and,  after  cleaning  and  wetting  the 
braided  end  with  soldering  flux,  dipping  the  loop  into  molten  solder. 
The  terminal  nuts  can  be  screwed  down  hard  on  these  loops  without 
opening  or  injimng  the  stranded  wires,  and  they  will  make  solid  and 
permanent  terminals.  Where  cables  have  become  so  oil  soaked 
that  the  integrity  of  their  insulation  is  suspected,  they  should  be 
replaced,  and  the  new  wires  properly  supported.  If  either  of  the 
brushes  is  at  fault,  due  to  excess  of  oil  and  dirt,  clean  with  gasoline, 
and  true  up  the  ends  square  with  a  fine  file.  Should  the  brushes 
have  worn  unevenly,  or,  in  the  case  of  the  primary  brush,  taken  on 
a  hard,  glazed  surface,  treatment  with  the  fine  file  will  remedy  the 
trouble.  When  they  have  worn  down  to  a  point  where  the  spring 
'-■o  longer  holds  them  in  good  contact,  new  brushes  and  springs 
(attadied)  should  be  inserted. 

Q.  When  exambiatk>n  shows  no  fault  at  any  of  these  points, 
how  can  the  coil  be  tested?  u,,  ,^  n  ,  v.iv_'0^lc 


208  ELECTRICAL  EQUIPMENT 

A.  Disconnect  the  coil  from  the  magneto,  and  connect  to  the 
battery  terminal  one  wire  from  a  spare  battery  of  four  dry  cells  or, 
if  more  convenient,  to  an  ignition  storage  battery.  Fasten  the 
ground  connection  from  the  coil  to  some  handy  metal  part  of  the 
chassis;  lay  the  secondary  cable  from  the  coil  on  the  chassis  so  that 
its  bared  end  is  not  more  than  i  inch  from  the  metal  of  the  motor, 
or  chassis.  Then  connect  another  length  of  wire  to  the  opposite 
terminal  of  the  testing  battery.  (The  dry  cells  should  be  in  series.) 
Scrape  the  end  of  this  wire  clean,  and  touch  it  rapidly  to  some  part 
of  the  motor.  A  spark  should  occur  every  time  it  is  touched,  showing 
that  the  primary  winding  of  the  coil  is  uninjured,  and,  if  the  second- 
ary is  likewise  uninjured,  a  spark  should  jump  between  the  bared 
end  of  the  secondary  cable  and  the  adjacent  metal,  every  time  the 
circuit  is  closed  with  the  testing  wire.  The  occurrence  of  these  two 
sparks  show  the  coil  to  be  in  proper  working  condition.  If  the  spark 
occurs  at  the  testing  wire,  but  no  high-tension  spark  takes  place  at 
the  end  of  the  secondary  cable,  it  indicates  that  the  secondary 
winding  of  the  coil  has  broken  down.  Should  the  spark,  taking  place 
every  time  the  testing  wire  is  touched  to  a  part  of  the  motor,  be  very 
bright  and  hot,  it  is  quite  likely  that  the  condenser  has  become 
pmictured.  Unless  the  failure  of  the  secondary  is  due  to  a  broken 
connection  betweien  the  fine  wire  of  the  winding  and  the  terminal,  it 
must  be  sent  to  the  maker  for  repau^.  This  is  the  case  also  when  the 
condenser  has  been  punctured.  The  magneto  will  continue  to  work 
with  the  condenser  short-circuited,  but  this  will  cause  a  rapid  burn- 
ing away  of  the  expensive  platinum  contact  points  of  the  interrupter. 

Q.    How  is  the  nu^eto  armature  winding  tested  for  a  break? 

A.  Employ  the  test  battery  already  mentioned.  Touch  one 
wire  to  the  armature  shaft,  and  the  other  to  the  collector  end  which 
h  insulated  from  the  shaft.  A  spark  should  result  if  the  winding  is 
intact.  Failure  to  obtain  a  spark  would  indicate  a  break  in  the 
winding,  and  the  armature  should  be  returned  to  the  maker  for 
repairs.  In  making  tests  with  a  battery  in  this  manner,  always 
make  sure  that  the  connections  from  the  battery  have  not  pulled 
loose  nor  become  broken,  before  finally  accepting  the  lack  of  a  spark, 
at  the  point  where  it  should  occur  as  conclusive  evidence  of  a  fault 
in  the  part  being  tested.  Otherwise,  a  failure  of  the  testing  apparatus 
itself  may  be  put  down  as  a  fault  in  the  part  being  tested^ 
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Q.  Is  B.  sparit  the  best  Indication  obtainable  in  makii^  suclt 
tests? 

A.  With  a  fresh  battery  of  dry  cells,  the  self-inductioii  of  the 
C0II3  tested,  such  as  the  winding  of  the  armature  or  the  primary  of 
the  coil,  will  give  a  bright  spark  that  cannot  be  mistaken;  but,  if  an 
audible  indication  be  desired,  the  battery  may  be  placed  in  a  box  and 
a  common  electric  door  bell,  or  buzzer,  mounted  on  the  box.  The 
bell,  OF  buzzer,  must  be  connected  in  series  with  the  testing  wires, 
so  that,  when  the  circuit  is  completed,  the  current  passes  through  it. 
Then  the  success  of  the  test  will  be  evidenced  by  the  sounding  of 
the  bell,  or  buzzer,  as  long  as  the  circuit  is  closed.  In  the  case  of 
the  secondary  winding  of  the  coil,  the  spark  is  all  that  ia  necessary. 
Should  a  more  visible  signal  be  desired,  the  lamp-testing  set,  described 
in  connection  with  trouble  hunting  on  the  starting  and  lighting 
system,  may  be  employed.  In  this  case,  the  test  battery  is  dispensed 
with  and  the  110-volt  lighting  circuit  used,  but  a  10-ampere  fuse- 
block  and  fuses  should  be  inserted  in  the  testing  circuit  to  guard 
against  accidental  short-circuits  in  handling  the  testing  apparatus. 

Q.  As  secondary  cable  is  expensive,  and  the  owner  does  not 
usually  want  it  replaced  unless  absolutely  necessary,  how  can  it  be 
tested  for  faults? 

A,  Connect  the  test  battery  to  the  coil,  as  previously  described, 
but,  instead  of  relying  upon  breaking  the  circuit  by  hand,  insert  a 
buzzer,  or  bell,  in  series,  between  the  battery  and  the  primary  of 
the  coU,  This  will  give  a  vibrating  contact,  and  will  keep  the  coil 
woridng  continuously.  Connect  the  piece  of  cable  to  be  tested  to 
the  secondary  of  the  coil  and  support  it  well,  clear  of  the  ground,  such 
as  the  motor  or  chassis.  Take  another  piece  of  secondary  cable  and 
connect  one  end  of  it  to  the  ground.  Bare  the  other  end,  and  pass 
this  along  the  entire  length  of  the  cable  being  tested,  very  close  to, 
or  actually  touching,  the  insulation  of  the  cable  under  test.  If  there 
are  any  weak  spots  in  the  insulation,  a  spark  will  jump  through  it 
to  the  testing  wire.  In  case  a  vibrating  coil  is  at  hand  for  making 
this  test,  it  will  not  be  necessary  to  insert  the  buzzer  as  mentioned. 

Q.  What  is  likely  to  result  when  there  are  weak  spots  In  the 
insulatton  of  the  secondary  cables? 

A.  The  high-tension  current  will  escape  through  them  to  the 
ground,  because  of  the  nearness  or  actual  contact  of  the  secondary 
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cable  with  the  motor  cylinders  or  other  metal  parts.  This  leakage 
will  be  neither  visible  nor  audible,  unless  the  insulation  is  very  bad, 
and  the  failure  to  fire  will  usually  be  attributed  to  the  spark  plug 
instead. 

Q.   Should  primary  cables  be  tested  In  the  same  manner. 

A.  It  is  not  necessary;  as,  unless  the  insulation  is  actually  worn 
off,  there  will  be  no  escape  of  current,  owing  to  its  low  voltage. 
Where  solid  instead  of  flexible  primary  wire  is  employed,  as  on  some 
old  cars,  or  where  the  owner  has  made  replacements,  a  test  for  a 
break  in  the  wire  itself  under  the  insulation  may  be  made  with  the 
aid  of  the  battery  and  buzzer  alone. 

Q.  Are  the  causes  of  failure  similar  In  a  true  bigh-tenston 
nu^ineto? 

A.  No.  As  the  primary-generating  winding  and  the  secondary, 
or  high-tension  winding,  are  both  on  the  armature  of  the  magneto 
itself,  and  all  comiections,  except  the  high-tension  leads  from  the 
distributor  to  the  spark  plugs,  are  made  intemaDy,  there  are  no  out- 
side cables,  terminals,  or  coils  to  default.  Unless  the  repair  man  has 
become  proficient  m  testing  electrical  apparatus  and  has  familiarized 
himself  with  the  construction  of  the  high-tension  type,  he  will  find  it 
preferable  to  refer  to  the  manufacturer  any  cases  of  trouble  in  this 
class  of  apparatus.  In  fact,  the  maker  usually  absolves  himself  from 
any  responsibility  m  case  a  magneto  of  this  type  has  been  taken 
apart.  Even  where  the  repair  man  is  capable  of  dismantling  and 
testing  this  type  of  magneto,  its  repair  would  ordinarily  be  beyond 
his  facilities,  so  that  it  is  better  to  refer  it  to  the  maker  at  once. 

Q.  Are  there  any  faults,  peculiar  to  the  "duplex"  or  to  the 
"double-spark"  types  of  magnetos,  which  are  not  encountered  In 
the  others? 

A.  In  the  case  of  the  duplex  type,  there  may  be  a  failure  to 
work  of  the  battery  connections  or  of  the  battery  commutator  on 
the  armature  shaft,  i.e.,  the  commutator  which  throws  the  battery 
current  into  phase  with  the  annature  current  of  the  magneto  when 
starting.  Snce  the  advent  of  the  self-starter,  this  type  of  magneto 
has  had  no  partjcuin'  advantage  to  rectsmnend  it,  and  will  be  found 
aaly  on  older  cars.  As  the  only  difference  between  the  double-spark 
and  the  usual  magneto  is  a  duplication  of  the  distributor  to  give  two 
sparks  in  the  cylinder  instead  of  one,  its  treatment  is  the  same. 
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There  are  simply  two  distributors  to  maintain  instead  of  one.  This 
type  ia  also  of  limited  application  and  will  be  fowid  only  on  com- 
paratively few  cars  of  several  years  back. 

Q.    Why  Is  it  Important  that  the  magneto  be  accurately  timed? 

A.  Unless  the  spark  occurs  at  exactly  the  right  moment,  the 
motor  will  not  operate  efficiently.  If  it  occurs  too  soon,  the  explosion 
will  tend  to  retard  the  piston;  if  too  late  most  of  the  power  that 
would  have  been  derived  from  the  compression  will  be  lost.  As  the 
lag,  i.e.,  the  time  intervening  between  the  moment  the  contact 
points  are  opened  at  the  interrupter  and  the  occurrence  of  the  spark 
at  the  plug,  is  negligible  in  the  magneto,  it  must  be  more  accurately 
timed  than  the  old  battery  and  vibrator-coil  system. 

Q.  Does  the  magneto  ever  fail  to  operate  through  ladt  of  oil, 
and  what  attention  shouid  l>e  given  to  its  lubrication? 

A.  Prior  to  1910,  when  some  of  the  lower-priced  magnetos  were 
made  with  plain  bearings,  this  naturally  occurred,  but,  with  the 
adoption  of  high-grade  annular  ball  bearings  for  the  magneto  shaft, 
it  is  practically  unknown.  However,  even  the  high-grade  ball  bear- 
ing will  not  operate  without  lubrication.  If  it  runs  dry,  the  balls 
are  apt  to  rust  and  ruin  the  bearing.  Most  of  these  bearings  are 
packed  with  vaseline,  or  similar  light  grease,  when  the  machine  is 
assembled  and  require  no  attention  during  the  life  of  the  average 
car.  Where  this  has  not  been  done,  as  on  some  of  the  older  machines, 
a  few  drops  of  fine  sewing-machine  oil  once  a  year  will  suffice.  The 
pivot  and  roller  of  the  contact-breaker  arm  also  should  be  oiled  once 
or  twice  a  year  with  one  drop  of  oil  to  each,  using  a  toothpick. 

Q.  When  t^ing  a  magneto  apart,  as  where  It  Is  necessary  to 
remagnetize  the  fields,  why  is  it  of  the  greatest  importance  to 
reassemble  them  in  the  same  way? 

A.  Unless  this  is  done,  the  polarity  of  the  fields  will  be  reversed 
and  the  machine  will  not  generate  properly.  The  maker  usually 
identifies  the  polarity  of  the  fields  by  marking  the  magnets  so  that  it 
is  easy  to  reassemble  them  in  the  proper  manner.  See  the  illustra- 
tion of  the  Eisemann  magneto.  Fig  103. 

Q.  When  rem^netizing  the  field  magnets  of  a  magneto,  why 
is  it  important  fliat  their  polarity  should  not  be  chained  in  the 
process? 

A.    The  effect  would  be  exactly  the  same  as  if  the  remagnetizinf 
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were  carried  out  properly,  so  far  as  their  polarity  were  concerned,  and 
then  the  magnets  were  put  back  the  wrong  way.  The  machine 
would  not  generate.  For  example,  the  marking  on  the  side  of  the 
Eisemann  magneto  indicates  the  north  pole  of  its  fields.  If  in 
remagnetizing,  this  side  of  the  field  is  made  the  south  pole,  and  it 
is  then  correctly  assembled,  it  will  be  evident  that  the  polarity  of 
the  entire  field  has  been  reversed. 

Q.  In  the  case  of  the  dual  magneto,  how  can  trouble,  caused 
by  the  grounding  of  the  dry  cells  against  the  metal  battery  box,  be 
overcome? 

A.  By  making  a  tight-fitting  wooden  box  to  hold  the  battery, 
this  wooden  box  fitting  inside  the  metal  one. 

Q.  Does  the  care  required  by  an  inductor  type  of  magneto 
vary  from  that  necessary  for  other  types? 

A.  No.  So  far  as  its  outside  connections  go,  it  is  the  same. 
That  b,  in  a  dual  tj'pe  installation,  using  an  external  coil,  or  trans- 
former, the  causes  of  trouble  and  their  remedies  will  be  the  same  as 
in  any  dual  system,  as  already  given;  and  this  also  applies  to  the 
high-tension  dual  type. 

Q.  In  the  order  of  their  occurrence,  what  ore  the  commoner 
causes  of  failure  of  the  magneto,  due  to  wear  of  its  parts? 

A,  In  practically  every  case  of  failure  of  the  magneto  that  is 
not  otherwise  apparent  at  a  glance,  an  inspection  should  always  be 
made  of  the  contact  points  in  the  breaker  box.  Unless  they  open 
properly  when  the  cam  strikes  the  lifter,  no  current  reaches  the  out- 
side drcuit  and  the  coil  is  not  enci^ized.  Next,  inspect  the  contact 
of  the  collector  brush;  see  that  it  is  clean;  that  it  is  making  good 
contact  over  its  entire  surface;  and  that  its  spring  is  holding  it  firmly 
in  place.    After  this,  inspect  the  distributor. 

Q.  How  often  should  the  contact  points  in  the  breaker  box 
require  attention? 

A.  This  will  depend  upon  the  type  of  magneto,  and  when  it 
waa  made.  On  some  of  the  earlier  types,  prior  to  1909,  no  condensers 
were  used  on  many  of  the  lower-priced  magnetos,  and  the  points 
required  attention  ev«ry  3,000  or  4,000  miles.  Others  will  run  two 
or  three  times  this  distance  without  requiring  attention.  If,  when 
the  points  have  been  found  in  poor  condition,  they  have  not  been 
properly  trued  up  and  adjusted,  they  are  apt  to  require  attention 
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again  much  sooner,  as  any  irregularitiea  io  their  contact  faces  will 
cause  them  to  bu3-n  aw^  much  more  rapidly. 

Q.  As  the  platinum  contacts  of  the  mi^;neto  breaker  box  are 
expensive,  how  far  down  can  they  foe  allowed  to  wear  before  it  Is 
necessary  to  replace  them? 

A.  This  will  depend  upon  the  amount  of  adjustment  provided. 
As  long  as  there  is  sufficient  platinum  left  to  provide  a  true  surface 
on  each  contact  point,  it  will  not  be  necessary  to  replace  them  if 
they  can  be  adjusted  so  that  the  cam  opens  and  closes  them  properly. 

Q.  Since  the  magneto-armature  circuit  is  normally  closed 
upon  itself  and  only  opens  when  a  spark  is  required  at  one  of  thtf 
plugs,  how  is  the  magneto  ignition  shut  off? 

A.  By  short-circuiting  the  armature  around  the  contact  points. 
Instead  of  o jwning  the  entire  ignition  circuit,  as  in  the  case  of  a  battery 
where  it  is  necessary  to  save  current,  the  generating  part  of  the 
circuit  is  closed.    This  is  true  of  all  high-tension  magnetos. 

Q.  When  the  contact  points  of  the  interrupter  of  the  magneto 
fail  to  separate,  what  is  the  result? 

A.  The  armature  remains  short-circuited  upon  itself  through- 
out the  revolution,  and  no  current  reaches  the  outer  circuit,  so  that 
the  engine  will  not  fire  on  the  magneto  at  all. 

Q.  What  is  the  result  when  the  contacts  open  but  the  gap  is 
not  wide  enough? 

A.  Erratic  missing,  probably  at  all  speeds,  but  more  pro- 
nounced when  the  engine  is  running  slowly.  The  increased  kick 
given  the  movable  contact  arm  by  the  cam,  when  the  engine  is  run- 
ning at  a  higher  speed  will  cause  it  to  fire  more  regularly. 

Q.    What  happens  when  contact  points  are  separated  too  far? 

A.  The  missing  is  likely  to  be  more  noticeable  at  high  speeds 
than  at  low  speeds;  as,  when  turning  very  fast,  the  looseness  of  the 
movable  contaet  arm  may  prevent  it  from  closing  the  circuit  again 
in  time  for  the  next  cylinder  to  fire. 

Q.  What  is  the  proper  distance  for  the  setting  of  the  contact 
points  of  the  m^neto  interrupter,  or  breaker  box? 

A.  Approximately  t*!  inch,  or  the  equivalent  of  an  ordinary 
sheet  of  paper.  When  the  points  are  properly  adjusted,  it  should 
be  possible  to  insert  the  paper  between  them  and  move  it  around 
without  binding.  lh  i^  n  ,  v^iv-ii^i^n^ 
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Q.    How  are  the  contact  points  usually  adjusted? 

A.    Practically  every  magneto  manufacturer  now  supplies  an 
adjustment  gage,  which  serves  also  a3  a  screwdriver  or  small  spanner, 
according  to  the  construction  of  the  interrupter.    The  thickness  of 
the  metal  represents  the  distance  that  the  contacts  should  open. 
In  all  except  the  old  types  produced  several  years  ago,  the  interrupter 
may  be  removed  without  the  use  of  any  tools,  and  the  adjustment 
made  without  the  necessity  of 
removing  the  magneto  from  its 
bedplate.    The  following  instruc- 
tions cover  the  Eisemann  dual 
type  in  this  respect,  and  are  typi- 
cal: "Insert  from  behind  through 
the  hole  in  the  plate  carrying  the 
make-and-break  mechanism,  the 
metal  adjuster  which  we  supply 
with  every  magneto:  by  means 
of  a  flat  wrench  hold  the  nut 
on  platinum  screw  (contact)  and 
turn  the  platinum  screw  upward 
Fia,  143.   Method  of  Adiustidg  Magneto        oi  dowHward  Until  there  IS  a  gap 
of  A"  inch  between  the  contacts, 
i.e.,  a  piece  of  paper  must  pass   between   them   without  getting 
jammed".  Fig.  143. 

Q.  How  often  should  the  magnets  of  a  m^^neto  need  remas- 
netizing? 

A.  No  definite  time  nor  average  can  be  given  for  thb.  In 
some  cases,  the  makers  state  specifically  that  the  magnets  will  never 
need  remagnetizing  during  the  entire  life  of  the  machine,  unless  they 
are  taken  off  and  allowed  to  stand  without  a  "keeper",  i.e.,  a  piece 
of  soft  iron  placed  across  the  pole  pieces,  the  magnets  themselves 
being  placed  in  their  usual  relation  as  when  on  the  machine.  In 
others,  it  has  been  nothing  unusual  to  require  this  once  a  year,  or 
after  6,000  to  10,000  miles  running. 

Q.  How  can  It  be  determined  definitely  whether  the  m^nets 
actually  need  remagnetizing  or  not? 

A.  Many  cases  of  weak  or  faulty  ignition  are  attributed  to 
low  of  strength  in  the  magnets,  when  they  are  actually  due  to  some- 
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thing  else.  Before  dedding  that  the  magnets  themselves  are  at  fault, 
every  part  of  the  system  should  be  gone  over  thoroughly.  See  that 
the  contact  points  are  clean  and  true,  and  that  they  are  properly 
adjusted;  that  the  low-tension  collecting  brush,  or  contact,  ia  clean 
and  is  making  good  contact;  also,  that  the  distributor  is  clean. 
Inspect  all  terminals  and  connections.  Test  the  condenser.  Dis- 
connect one  of  the  spark-plug  leads,  keep  it  away  from  any  metal 
part  of  the  chassis  and,  with  the  engine  running,  note  whether  a 
spark  occurs  at  the  safety  gap.  In  a  high-tension  magneto,  this  gap 
is  ually  located  in  the  hollow  of  the  magnets  back  of  the  distributor; 
in  a  low-tension  type,  having  a  separate  coil,  it  is  usually  on  the  coil. 
Take  the  spark-plug  lead  which  has  l)een  detached  (engine  running) 
and  approach  its  metal  terminal  gradually  to  the  spark-plug  end,  or 
to  some  metal  part  of  the  engine,  noting  the  maximum  distance  that 
the  spark  will  bridge.  If  this  is  one-quarter  inch  or  more,  the  mag- 
nets are  not  at  fault. ' 

Q.  When  there  is  no  question  but  that  the  magnets  are  the 
cause  of  faulty  ignition,  how  can  the  nu^piets  be  remagnetized? 

A.  With  the  aid  of  a  small  electromagnet,  as  described  in  the 
chapter  on  this  subject.  Care  must  be  taken  to  see  that  the  polarity 
of  the  magnets  is  not  reversed  in  the  process,  as  this  will  render  the 
magneto  altogether  inoperative.  ' 

Q.    How  is  the  ground  connection  made  in  a  magneto?  ^ 

A.  One  side  of  the  winding  of  the  armature  in  a  low-tension 
type,  and  of  both  windings,  i.e.,  the  primary  and  secondary  are 
grounded  by  being  electrically  connected  directly  to  the  core  of 
the  armature  itself,  in  the  high-tension  type.  The  fastening  of  the 
magneto  in  its  bedplate  j)n  the  engine,  completes  this  ground  con- 
nection. '  '       ' 

Q.  Is  It  ever  advisable  to  insert  paper  liners,  or  liners'of  any 
material,  between  the  magneto  and  its  bedplate? 

A.  If  on  an  old  car,  it  b  necessary  to  resort  to  liners  or  shims 
to  correct  the  alignment  of  the  magneto  with  its  driving  shaft, 
nothing  but  thin  sheets  of  brass  or  iron  should  ever  be  fmployed,  as 
the  use  of  any  insulating  material  for  this  purpose  WQuld  ^X^ak  th? 
ground  connection  and  prevent  the  magneto  from  fuDcUoaing 
properly.  But  even  on  old  cars,  where  the  lack  of  alignment  of  the 
magneto  with  its  shaft  is  such  as  to  be  plainly  percept(h}f  ij;4,^e 
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unaided  eye,  the  Oldham  coupling  usually  employed  on  the  driving 
shaft,  allows  sufficient  play  to  compensate  for  thb.  Any  lack  of 
alignment  is  more  likely  to  be  due  to  carelessness  in  replacing  the 
magneto  after  it  has  been  removed  from  the  engine  for  attention, 
than  to  any  fault  in  the  placing  of  the  bedplate  and  driving  shaft. 

Q.  What  will  be  the  result  of  the  magneto  being  lined  up 
incorrectly? 

A.  The  universal  coupling  is  apt  to  wear  badly,  and  the  side 
pressure,  which  the  lack  of  alignment  causes,  may  not  be  taken  care 
of  entirely  by  the  coupling,  so  that  the  pressure  has  to  be  taken  in 
part  by  the  magneto  shaft  and  its  bearing.  This  will  result  in  undue 
wear  of  the  bearing  and,  in  time,  may  permit  the  armature  core  of 
tie  magneto  to  strike  the  pole  pieces,  or  sides  of  the  tunnel,  so  that 
it  will  jam.  On  many  of  the  higher-priced  cars,  a  fiexible  coupling, 
consisting  of  leather  discs,  is  employed  for  the  magneto  drive. 

Q.  Which  is  more  likely  to  occur,  separation  of  the  points  by 
too  great  a  distance  or  their  coming  together  so  that  they  do  not  open? 

A.  The  result  of  wear  will  usually  be  to  increase  the  distance 
between  the  points,  but  the  writer  has  experienced  the  opposite  on 
an  old  ear  where  the  cam  apparently  wore  down  faster  than  the  points 
and  prevented  their  opening.  This  was  probably  due  to  improper 
hardening  of  the  cam  itself  or  to  the  fact  that  the  roller  was  harder 
than  the  cam.  Many  of  the  later  models  do  not  employ  a  roller  in 
the  movable  contact  arm,  the  cam  striking  directly  against  a  pro- 
jection on  the  arm  itself  (see  Eisemann  interrupter.  Fig.  143).  An 
example  of  the  roller  tj'pe,  is  the  K-W  interrupter,  Fig  69. 

Q.  Is  it  possible  for  the  adjustment  of  the  contact  points  to 
wear  to  such  a  degree  that  the  magneto  will  tire  the  engine  at  high 
speeds,  but  not  at  all  at  low  speeds? 

A.  Instances  of  this  nature  on  old  magnetos  have  proved  a 
puzzling  cause  of  ignition  failure.  The  extra  kick  of  the  cam  at 
high  speeds  would  separate  the  points,  whereas  at  low  speeds  they 
remained  together. 

Q.  Inspection  having  shown  other  parts  of  the  ignition  system 
to  be  In  good  order,  how  can  it  be  determined  whether  the  magneto 
itself  is  at  fault? 

A.  Run  the  engine  on  the  battery,  and  switch  from  battery  to 
magneto  while  the  engine  is  running  at  a  good  speed.     If  the  magneto 
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is  not  operating  properly,  the  difference  in  running  will  be  perceptible 
immediately;  in  case  the  contact  points  are  not  opening,  the  explosions 
will  cease  at  once  upon  throwing  the  switch  to  "magneto". 

Q.    What  is  meant  by  "Ignition  timli^"? 

A.  A  four-cycle  motor  is  ao-called  because  there  are  four  parts 
to  each  cycle:  viz,  suction,  compression,  firing,  exhaust.  It  is 
evident  that  ignition  is  necessary  only  at  one  part  of  the  cycle  and 
that  the  spark  must  occur  at  a  certain  time  with  relation  to  the 
carrying  out  of  that  part  of  the  cycle.  Determining  the  point  at 
which  the  spark  is  to  occur  in  that  part  of  the  cycle  is  usually  referred 
to  as  the  "timing  of  the  spark",  or  as  the  "ignition  timing". 

Q.    Is  it  necessary  that  this  be  carried  out  with  precision? 

A.  In  the  high-speed  automobile  motors  of  the  present  day,  it 
must  be  extremely  accurate  with  relation  to  the  movement  of  the 
piston  and  must  be  exceedingly  rapid  in  action;  otherwise,  the 
efficiency  of  the  motor  would  suffer  greatly.  In  the  slower-running 
motors  with  fewer  cylinders,  of  several  years  ago,  neither  of  these 
factors  was  of  such  great  importance;  but  the  present-day  high-speed 
multi-cylinder  motors  could  never  be  operated  satisfactorily  on 
ignition  apparatus  of  the  type  familiar  on  1910  models,  for  example. 

Q.  WIty  would  a  variation  or  a  lack  of  precision  affect  the 
running  of  the  motor? 

A.  Speeds  are  now  so  high  that  the  time  factor  is  reduced  to 
exceedingly  small  fractions  of  seconds.  For  example,  take  a  high-speed 
four.  It  turns  at  2500  r.p.m. :  as  there  are  two  explosions  per  revolu- 
tion in  a  four-cylinder  motor,  this  would  mean  5000  sparks  per 
minute,  or  one  spark  every  .012  second.  This  is  cutting  time  pretty 
fine,  but  in  a  modem  twelve-cylinder  motor,  it  is  finer  still.  Say  the 
twelve  runs  at  3000  r.p.m.:  in  a  twelve  there  would  be  six  explosions 
per  revolution,  requiring  18,000  sparks  per  minute,  or  one  for  every 
.0033  second — thirty-three  ten-thousandths  of  a  second — an 
mcredibly  brief  space  of  time  in  which  to  carry  out  a  combined 
mechanical  and  electrical  function. 

Q.    How  is  tills  extreme  accuracy  obtained? 

A.  By  the  use  of  precision  machine  work  in  the  distributor, 
approaching  that  of  a  fine  watch,  and  a  great  amoimt  of  "advance" 
to  compensate  for  any  lag  in  either  the  mechanical  or  electrical 
functioning  of  the  apparatus.  un  i^  n  .v^iv-ii^ivn^ 
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Q.  What  is  meant  by  "lag",  and  what  is  the  difference  between 
mechanical  and  electrical  "lag"? 

A,  As  the  term  implies,  lag  b  delay:  in  other  words,  it  is  the 
time  elapsing  between  the  moment  a  part  begins  to  move  and  the 
actual  moment  at  which  it  moves  and  makes  contact  or  carries  out 
the  function  for  which  it  is  designed.  Mechanical  lag  is  due 
entirely  to  the  time  necessary  to  overcome  the  inertia  either  of  a  part 
that  is  stationary  or  of  one  that  is  moving  in  another  direction  and 
whose  direction  must  be  reversed.  Electrical  lag,  on  the  other  hand, 
13  the  time  elapsing  between  the  moment  that  current  is  switched 
into  a  piece  of  electrical  apparattis  and  the  moment  that  the  apparatus 
actually  operates.  This  will  appear  strange  at  first  sight  in  view  of 
the  universal  belief  that  anything  electrical  operates  so  swiftly  that 
it  is  next  to  impossible  to  measure  the  time  required.  This  is  true 
when  nothing  more  than  the  passing  of  a  current  of  electricity  from 
one  point  to  another  is  concerned,  but  when  actual^work  must  be 
performed  by  the  current,  the  time  required  is  not  only  measiu^ble 
but  it  may  be  so  perceptible  as  to  have  a  decided  effect  upon  such 
extremely  rapid  functioning  as  that  mentioned.  For  example, 
when  the  work  to  be  performed  by  the  current  consists  of  magnetizing 
the  core  of  a  cot],  as  is  necessary  in  automobile  ignition,  the  time 
element  is  quite  perceptible,  as  may  be  noted  by  referring  to  the 
oscillograph  of  the  spark  produced  by  an  induction  coil.  Fig.  95.  A 
coil  having  the  characteristics  shown  by  this  oscillograph  would  be 
worthless  on  a  modem  high-speed  motor. 

Q.    How  is  this  1^  compensated  for? 

A.  By  advancing  the  moment  that  contact  is  made  outside  of 
the  cylinder  to  an  extent  that  will  insure  the  occurrence  of  the  spark 
in  the  cylinder  at  the  proper  moment.  In  other  words,  the  current 
is  started  on  its  way  sooner  with  relation  to  the  movement  of  the 
piston.    This  is  generally  referred  to  as  "advancing  the  spark". 

Q.  What  is  the  proper  point,  in  the  travel  of  the  piston  on  the 
conqiression  stroke,  for  the  Ignition  spark  to  occur? 

A.  Exactly  at  the  upper  dead  center  just  before  the  piston 
starts  downward  again.  The  compression  is  then  at  its  maximum, 
and  firing  the  charge  exactly  at  that  moment  results  in  the  production 
of  the  greatest  amount  of  power.  The  compression  falls  off  very 
rapidly  the  moment  the  piston  starts  down  on  the  power  stroke,  so 
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that  in  a  tdcb^pesd  motor,  the  loss  of  evoa  a  very  minute  iractioD 
of  a  second  causes  a  considerable  loss  pf  en»^. 

Q.    What  will  happen  If  it  occurs  too  soon? 

A.  This  will  depend  largely  upon  the  type  of  motor  and  upon 
how  much  in  advance  of  the  proper  time  it  actually  occurs.  In  a 
slow-speed  type  running  well  below  its  normal  r.p.m.  rate,  as  where 
a  motor  with  a  normal  speed  of  1000  r.p.m.  is  slowed  down  to  600 
r.p.m.,  owing  to  chmbing  a  hill,  advancing  the  spark  to  its  maximum 
will  cause  hanmiering  or  pounding  in  the  cylinders,  indicating  that 
the  explosion  is  taking  place  before  the  piston  reaches  upper  dead 
center  and,  consequently,  that  most  of  its  energy  is  being  expended 
against  the  rising  piston,  instead  of  helping  thrust  it  downward  as  it 
should.  When  running  at  its  normal  rate,'  the  pbton  speed  of  such 
a  motor  would  be  sufficient  for  the  piston  to  have  reached  upper 
dead  center  before  the  burning  gases  had  time  to  expand,  so  that  their 
entire  output  of  energy  would  be  expended  in  producing  power.  In 
high-speed  multi-cylinder  motors  with  their  diminutive  cylinders 
and  light  moving  parts,  the  piston  speed  is  so  great  that  even  the 
maximum  advance  in  the  ignition  timing  would  have  no  effect, 
even  as  the  lowest  speed  of  which  the  motor  is  capable, 

Q.    What  is  the  result  when  the  spark  occurs  too  late? 

A.  The  piston  has  aheady  started  on  its  downward  stroke; 
the  point  of  maximum  compression  has  been  passed,  so  that  the  full 
benefit  of  the  compression  is  lost,  and  with  it,  a  large  part  of  the 
energy  that  would  otherwise  have  been  utilized. 

Q.  Has  running  with  a  late  spark  any  other  effect  od  the 
motor? 

A.  Yes.  The  gas  in  the  combustion  chamber  is  ignited  so  late 
that  it  continues  to  bum  after  the  exhaust  valve  is  opened.  .As  the 
heat  units  it  contains  are  not  utilized  as  power,  they  are  retained 
longer  in  the  cylinder  in  the  form  of  heat;  the  water  jackets  are 
compelled  to  absorb  50  per  cent  more  of  the  heat  than  they  should; 
and  the  whole  motor  is  said  to  "run  hot"  or  to  "overheat".  The  late 
combustion  of  the  gases  does  not  permit  of  sufficient  time  for  the 
normal  amount  of  heat  to  escape  by  way  of  the  exhaust,  so  that  there 
is  still  burning  gas  in  the  combustion  chamber  when  the  ezhautt 
valve  closes. 

Q.    What  other  term  is  used  In  referring  to  a  late  sparktviv. 
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A.  RetArded  ignition,  or  a  retarded  spark,  meaning  one  that 
occurs  later  in  the  firing  part  of  the  cycle,  i.e.,  later  with  relation  to 
the  travel  of  the  piston  itself.  An  early  spark,  or  advanced  spark,  is 
set  to  occur  or  rather  start  to  take  place  well  before  the  piston  has 
reached  upper  dead  center  on  the  compression  stroke.  The  time  of 
ignition  is  always  based  on  its  relation  to  the  position  of  the  piston, 
though  frequently  referred  to  in  terms  of  degrees  on  the  periphery  of 
the  fiywheel.  This  is  done  for  greater  convenience  in  setting  the 
ignition,  as  the  timing  of  the  valves  is  always  marked  on  the  rim  of 
the  flywheel. 

Q.  Why  is  it  necessary  to  have  the  ignition  occur  later  at  one 
time  than  at  another? 

A.  To  permit  of  starting  the  motor,  especially  by  hand.  The 
time  of  ignition  is  advanced  to  compensate  for  the  extremely  rapid 
travel  of  the  piston,  and  is  designed  to  cause  the  spark  to  take  place 
just  as  the  piston  reaches  upper  dead  center  on  the  compression 
stroke.  In  high-speed  motors  this  advance  amounts  to  as  much  as 
1  inch  of  the  stroke.  It  will,  accordingly,  be  evident  that  if  an 
attempt  be  made  to  start'the  motor  with  the  spark  advanced,  igni- 
tion will  take  place  before  the  piston  reaches  upper  dead  center  and 
the  motor  will  kick  back. 

Q.  How  much  allowance  is  usually  made  for  retarding  the 
time  of  Ignition? 

A.  In  the  ordinary  type  of  motor  in  which  the  speed  does  not 
exceed  1500  to  1800  r.p.m.,  it  is  customary  to  have  the  latest  timing 
allowed  coincide  with  the  upper  dead  center  position  of  the  piston. 
In  some  cases,  the  spark  may  be  retarded  to  take  place  after  the 
piston  has  traveled  a  short  distance  down  on  the  firing  stroke,  or 
about  5  degrees  to  7  degrees  on  the  rim  of  the  flywheel.  In  the 
majority  of  cases,  however,  "extreme  retard"  is  at  the  upper  dead 
center  of  the  piston. 

Q.  How  is  the  time  of  ignition,  or  "spark",  advanced  and 
retarded? 

A.  The  timer,  in  the  case  of  a  system  using  vibrator  coils,  and 
the  distributor,  in  all  systems  using  one  vibratorless  coil,  consists  of 
two  parts.  In  the  case  of  the  timer,  the  four  contacts  for  a  four- 
cylinder  motor  are  set  into  the  inner  periphery  of  a  circular  casing 
and  a  single  revolving  contact,  mounted  on  the  camshaft,  passses 
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over  them  consecutively,  sending  the  current  through  the  primary 
winding  of  each  of  the  induction  coila  in  rotation.  These  coils  are 
connected  to  the  spark  plugs  of  the  different  cylinders  in  the  proper 
firing  order.  While  this  outer  casing  of  the  timer  b  normally  sta- 
tionary, it  may  be  moved  part  of  a  revolution  with  relation  to  the  posi- 
tion of  the  revolving  contact.  For  example,  if  the  moving  member 
in  its  revolution  were  within  20  degrees  of  touching  the  contact 
corresponding  to  coil  and  cylinder  No.  1,  and  then  the  casing  were 
revolved  20  degrees  in  the  same  direction  as  that  in  which  the  con- 
tact is  moving,  it  will  be  evident  that  the  meeting,  or  contact,  of  the 
two  will  take  place  that  much  later,  and  the  occurrence  of  the  spark 
in  the  cylinder  will  be  correspondingly  delayed.  If,  instead  of  being 
moved  away  from  the  revolving  contact,  the  housing  is  revolved 
against  the  direction  of  rotation  of  the  contact,  the  two  will  come 
together  that  much  sooner  and  the  spark  will  be  advanced,  or  occur 
earlier.  This  housing  of  the  timer  is  connected  by  means  of  linkage 
with  the  spark  lever  under  the  steering  wheel. 

In  the  case  of  the  distributor,  the  principle  is  exactly  the  same, 
except  that  the  current  is  sent  in  turn  by  each  one  of  the  contacts, 
through  the  same  induction  coil,  instead  of  having  a  coil  for  each 
cylinder.  The  method  of  accomplishing  this  result  is  also  varied: 
in  many  magnetos  the  distributor  consists  of  a  revolving  block 
carrying  a  single  contact,  while  a  carbon  brush  for  each  cylinder 
bears  against  it.  In  most  of  the  battery-system  distributors,  the 
arrangement  is  very  similar  to  a  timer,  but  the  construction  and 
insulation  are  naturally  carried  out  in  very  much  better  fashion. 

Q.    What  is  meant  by  an  advance  of  30  degrees  for  the  ignition? 

A.  That  the  difference  between  the  point  of  extreme  retard, 
usually  upper  dead  center  of  the  piston,  and  that  of  maximum 
advance  or  earliest  ignition  for  high  speed,  represents  30  degrees 
on  the  flywheel.  Just  what  this  corresponds  to  in  inches  on 
the  flywheel  naturally  depends  entirely  upon  the  diameter  of  the 
flywheel. 

Q.    What  Is  meant  by  the  m^neto  setting  point? 

A.  This  is  a  line  inscribed  on  the  flywheel  in  the  same  manner 
as  the  usual  marks  for  the  valve  timing  of  the  motor.  There  is  a 
corresponding  dead  line,  or  pointer,  on  the  crankcase,  with  which 
these  lines  on  the  flywheel  are  registered  to  ehec^  the  ^^Y;?^.^i?^y"' 
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and  tiie  setting  of  fhe  nmgHSto.  When  the  magneto-setting  lines  An 
the  flywheel  is  directly  opposite  the  dead  line,  or  pointer,  on  the 
crankcase,  the  piston  of  cylinder  No.  1  should  be  at  upper  dead 
center  exactly  on  the  compression  stroke,  i.e.,  on  the  previous  down 
stroke,  it  has  drawn  in  a  fresh  charge,  and  when  the  piston  again 
reaches  upper  dead  center  it  has  completed  compressing  this  charge, 
so  that  the  cylinder  is  then  ready  to  fire.  With  the  piston  of  this 
cylinder  at  the  position  in  question,  the  contact  points  in  the  breaker 
box  of  the  magneto  should  be  just  opening. 

Q.  How  is  the  ignition  timing  advanced  or  retarded  on  a 
magneto? 

A.  The  magneto  breaker  box  may  be  moved  part  of  a  revolu- 
tion, with  relation  to  the  contact  points,  in  exactly  the  same  manner 
as  previously  described  for  a  timer  or  distributor.  This  alters  the 
relation  of  the  cam  which  opens  the  contact  points  to  the  latter  so 
that  their  sepiu'ation  takes  place  earlier  or  later,  in  accordance  with 
the  direction  the  breaker  box  is  rotated. 

Q.  Why  is  it  that  a  motor  may  be  cranlced  by  tiand  with  the 
sparic  lever  in  the  fully  advanced  position  when  starting  on  the 
magneto,  and  why  can  this  not  be  done  safely  with  a  battery? 

A.  There  is  less  actual  advance  in  the  time  of  ignition,  as 
supplied  by  the  magneto,  represented  by  the  movement  of  the 
spark  lever.  That  is,  moving  the  spark-advance  lever  to  its  maxi- 
mum does  not  cause  so  much  advance  in  the  actual  timing  of  the 
ignition  when  connected  to  the  magneto  for  starting,  as  it  does  when 
connected  to  the  battery.  The  speed  of  the  magneto  itself  is 
responsible  for  a  considerable  advance  in  firing  time  when  the  motor 
is  running,  whereas  the  battery  ignition  has  a  fixed  speed  of  operation, 
regardless  of  whether  the  motor  is  being  turned  over  by  hand  or  is 
being  run  full  speed.  Moreover,  as  the  usual  magneto  setting  point 
is  upper  dead  center,  the  spark  does  not  actually  occur  until  slightly 
later,  when  the  motor  is  being  cranked  slowly,  so  that,  while  the 
spark  lever  may  be  in  the  advanced  position,  the  actual  occurrence 
of  the  spark  is  not  perceptibly  earlier  than  it  would  be  with  the  lever 
fully  retarded.  This  makes  it  possible  to  crank  the  motor  with  the 
lever  fully  advanced  on  the  magneto,  without  any  danger  of  a  back- 
fire. This  is  not  true  to  the  same  extent  with  the  Ford  magneto  as 
with  other  types,  owing  to  the  great  number  of  pole  pieces  and  arma- 
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ture  ooils  that  it  carries.  With  a  battery,  however,  the  occurrence 
of  the  spark  is  just  as  rapid  at  low  speeds  as  at  high,  so  that  attempt- 
ing to  start  on  the  battery  with  the  lever  fully  advanced  will 
invariably  result  in  a  vicious  back  kick;  the  whole  force  of  the  explo- 
sion is  exerted  against  the  rising  piston.  As  there  is  a  greater  amount 
of  lag  in  the  ordinary  battery  system  than  there  is  with  the  magneto 
the  movement  of  the  spark  lever  represents  more  actual  advance,  as 
this  is  necessary  to  provide  for  the  time  lost  in  the  operation  of  the 
system.  ■  This,  however,  applies  only  to  old  battery  systems,  such  as 
the  dry  cells  used  in  connection  with  the  magneto  in  a  dual  systems 
and  not  so  much  so  to  the  so-called  modem  battery-ignition  systems 
which  are  practically  as  rapid  as  the  magneto. 

Q.    What  is  meant  by  fixed  ignition? 

A.  The  time  of  ignition  is  not  variable  by  means  of  a  spark- 
advance  lever.  Only  a  magneto  is  employed  (true  high-tension 
type)  for  ignition  and  it  is  set  to  fire  at  the  maximum  advance  at  all 
times  when  running.  Provision  is  usually  made  for  retarding  the 
time  of  ignition  to  allow  for  hand  starting,  though  this  is  not  always 
the  case,  as  it  is  not  absolutely  necessary  (see  answer  to  previous 
question).  Otherwise,  the  ignition  is  always  advanced  to  the  maxi- 
mum and  there  is  no  lever  on  the  steering  wheel  for  varying  it.  This 
type  of  ignition  system  has  been  very  generally  employed  abroad 
and,  more  particularly  in  France,  on  commercial  vehicles,  such  as 
cabs,  but  has  never  found  any  favor  here.  It  has  not  been  used  in 
this  countrj',  except  on  a  very  few  makes  of  cars,  and  then  only  for 
the  models  of  one  or  two  seasons,  the  latest  being  about  1912. 

Q.  What  is  meant  by  automatically  advanced  ignition,  and 
liow  is  tliis  accomplished? 

A.  Instead  of  relying  upon  a  manually  operated  spark  lever 
under  the  steering  wheel,  a  centrifugally  operated  device  is  incor- 
porated with  the  timer  or  distributor.  As  this  depends  upon  the 
speed  of  the  motor  for  its  operation,  the  ignition  timing  is  always  at 
the  point  of  extreme  retard  when  the  motor  is  stopped,  so  that  it  may 
be  cranked  by  hand  without  taking  any  precautions  to  retard  the 
spark.  The  device  is  practically  a  small  centrifugal  governor  the 
weights  of  which  expand  against  the  action  of  a  spring  under  the 
influence  of  increasing  speed.  These  weights  are  connected  by  a 
fever  to  the  timer,  or  distributor  housing,  so  that,  as  they  expan 
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with  increasing  speed,  they  move  the  housing  in  the  proper  direction 
to  advance  the  time  of  ignition.  The  spring  automatically  returns 
the  housing  to  the  retarded  position  when  the  motor  slows  down  or 
stops.  The  automatic-advance  device  is  a  feature  of  the  Atwater 
Kent  battery  system,  and  is  also  employed  on  one  of  the  types  of 
Eisemann  magnetos  particularly  designed  for  use  on  commercial 
vehicles.  It  relieves  the  driver  of  the  necessity  of  giving  any  atten- 
tion to  this  part  of  the  control,  as  the  time  of  ignition  is  always  pro- 
portioned exactly  to  the  speed. 

Q.  When  all  other  factors  are  fully  up  to  requirements,  such 
as  proper  carburetion,  valves  recently  ground,  spark-plug  points  not 
too  far  apart,  and  property  fitting  pistons,  but  the  motor  fails  to 
operate  with  the  same  "snap"  and  power  it  delivered  when  newer, 
what  Is  likely  to  be  the  cause? 

A.  Wear  in  the  linkage  connecting  the  spark-advance  lever 
with  the  timer,  the  breaker  box  of  the  magneto,  or  the  distributor  of 
a  modem  battery  system,  is  responsible  for  so  much  lost  motion  that 
the  full  movement  of  the  spark-advance  lever  is  no  longer  being 
transmitted  to  the  ignition  apparatus.  In  other  words,  the  full 
advance  of  the  spark  lever  on  the  steering  wheel  no  longer  represents 
the  maximum  advance  at  the  timer  or  distributor,  so  that  the  motor 
is  not  firing  as  early  as  it  should  and  a  considerable  percentage  of 
the  energy,  represented  by  exploding  a  fully  compressed  charge,  is 
being  wasted.  The  eflfect  is  the  same  as  loss  of  compression  from  any 
other  cause. 

Q.  When  the  motor  will  run  slowly  at  one  moment  and  then 
speed  up  to  the  racing  point  without  any  apparent  cause,  then  drop 
off  again  to  slow  speed,  what  is  likely  to  be  the  cause? 

A.  Unless  this  is  directly  traceable  to  a  partially  clogged  car- 
buretor jet  or  a  loose  throttle  which  is  jogged  open  and  closed  by  the 
vibration,  the  wear  mentioned  above  may  be  responsible.  The 
spark-advance  linkage  has  become  so  loose  through  wear  that  it  no 
longer  holds  the  timer  or  distributor  at  the  point  to  which  the  lever 
is  moved  on  the  quadrant  on  the  steering  wheel,  and  the  vibration 
of  the  motor  moves  it  back  and  forth,  advancing  it  at  one  moment 
and  retarding  it  the  next. 

Q.  When  the  motor  does  not  respond  at  all  to  the  movement 
of  the  spari(<«dvance  lever,  what  is  the  trouble? 
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A.  There  is  an  actual  break  between  the  lever  on  the  steering 
wheel  and  the  timer,  or  distributor,  or  the  breaker  box  of  the  magneto. 
This  is  apt  to  leave  the  ignition  timing  fully  advanced,  makmg  it 
dangerous  to  attempt  to  start  the  motor  by  cranking  it  on  the 
battery. 

Q.  Why  do  some  motors  require  a  greater  amount  of  Ignition 
advance  than  others? 

A.  Because  of  their  greater  speed  or  the  increased  amount  of 
lag  in  the  ignition  system  which  must  be  compensated  for  by  the 
timing. 

Q.  What  system  of  ignition  has  the  greatest  amount  of  lag, 
and  which  the  least? 

A.  The  old  battery  system,  using  a  roller-contact  timer  and 
vibration  coils,  has  the  maximum  amount  of  lag,  as  there  is  both  a 
mechanical  and  an  electrical  lag.  The  high-tension  magneto  and 
the  modem  battery  system  are  great  improvements  in  this  respect, 
and  there  is  not  much  choice  between  them  on  this  point.  As  an 
illustration  of  the  effect  of  the  motor  speed  on  the  amount  of  advance 
required,  the  Packard  "twin-six",  using  a  modern  battery  system, 
requires  as  much  advance  as  the  old  Packard  "four",  on  which  a 
low-tension  magneto  was  employed;  while  the  Packard  six-cylinder 
motor,  which  was  fitted  with  a  high-tension  magneto,  required  con- 
siderably less  than  either  of  these. 

Q.  Why  is  it  necessary  in  some  ignition  systems  to  set  the 
sparic  "late",  or  after  the  piston  has  actually  started  downward  on 
the  firing  stroke,  when  the  spark  lever  is  at  the  point  of  maximum 
retard,  while  in  others  it  is  only  necessary  to  set  it  at  upper  dead 
center? 

A.  This  is  due  to  the  difference  in  the  amount  of  lag,  and  also 
to  whether  a  battery  or  a  magneto  is  employed.  It  is  necessary  to 
insure  safety  in  hand  cranking,  as,  where  the  lag  is  reduced  to  the 
minimum,  the  explosion  would  take  place  before  the  piston  had 
reached  a  point  where  it  could  start  downward  on  the  firing  stroke, 
and  a  back  kick  would  result. 

Q.  Is  the  piston  actually  at  upper  dead  center  for  ignition- 
setting  purposes  when  it  has  ceased  to  rise? 

A,  No.  There  is  an  interval  in  the  revolution  of  the  crank 
during  which  the  piston  does  not  move,  i.e.,  while  the  crank  is  moving 
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in  practically  a  horizontal  plane,  and  it  should  complete  this  part  of 
the  revolution,  30  that  the  piston  is  just  on  the  point  of  starting 
downward  again  before  it  reaches  the  proper  point  for  ignition  set- 
ting at  maximum  retard. 

Q.    What  is  meant  by  "fixed"  ignition? 

A.  This  refers  to  those  systems  in  which  there  is  no  provision 
made  for  altering  the  time  of  ignition,  either  by  a  manually  operated 
lever  on  the  steering  wheel,  or  by  an  automatic  device  for  advancing 
and  retarding  it.  In  other  words,  the  time  of  ignition  is  fixed  and 
is  always  the  same,  regardless  of  the  speed  of  the  motor.  It  can  be 
used  only  in  connection  with  a  magneto. 

Q.    What  is  the  ignition-sefting  point  for  "fixed"  spark? 

A.  This  represents  a  mean  between  what  would  be  the  points 
of  maximum  retard  and  maximum  advance  in  a  variable  system. 
The  spark  must  not  occur  too  late  as  the  motor  will  develop  only  a 
percentage  of  its  power  and  will  overheat;  nor  must  it  be  too  early, 
as  the  motor  is  then  apt  to  fire  against  the  rising  pistons  when  slowed 
down,  as  in  climbing  a  hill  or  when  heavily  loaded.  The  magneto 
must  be  set,  therefore,  so  that  the  spark  occurs  before  the  piston 
reaches  upper  dead  center.  Just  how  much  in  advance  of  that 
point  the  setting  should  be,  will  depend  upon  the  motor  itself.  As 
will  be  noted  in  the  table  of  firing  orders,  a  much  greater  range  of 
timing  is  allowed  for  on  some  motors  than  on  others,  so  that  there  is 
no  rule  which  will  apply  to  all.  The  ignition-setting  point  as  given 
by  the  manufacturer  should  be  learned  and  the  magneto  set  in 
accordance. 

Q.    Is  fixed  sparii  ignition  in  common  use  on  Amerk»n  cars? 

A.  Although  very  largely  used  abroad,  particularly  in  France, 
on  commercial  vehicles  such  as  taxicabs,  it  has  never  found  favor 
here  and  will  be  found  on  very  few  cars. 

Q.  Is  there  any  other  method  of  checking  the  ignition-setting; 
point  besides  the  marks  on  the  flywheel  or  the  position  of  the  piston 
of  one  cylinder  in  its  relation  to  the  contacts  of  the  interrupter? 

A.  In  some  magnetos,  such  as  the  Eisemann,  there  is  a  set- 
ting mark  on  the  distributor  of  the  magneto.  When  the  piston  is  in 
the  proper  position  for  firing,  it  is  only  necessary  to  bring  this  setting 
mark  in  line  with  a  setting  screw  on  the  stationary  part  of  the 
distributor.  ■  uin^.n,,  v^iv.'i.ivii. 
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Q.  Why  do  the  cylinders  of  an  aufomobila  et^ine  not  fire 
consecutively? 

A.  Because  the  pistons  are  attached  to  the  craokBhsft  in 
pairs  in  the  same  plane,  so  that  when  one  piston  of  a  pair  is  firing 
the  other  one  is  going  down  on  the  suction  stroke. 

Q.    How  can  ttie  firing  order  of  a  motor  be  determined? 

A.  ■  Take  out  all  the  plugs  and  lay  them  on  the  cylinders  so 
that  the  threaded  part  of  the  plug  makes  contact  with  the  cyhnder 
but  the  terminal  does  not.  Switch  battery  on  and  turn  engine  over 
slowly,  noting  the  order  in  which  the  sparks  occur  at  the  plugs. 
Watch  the  valve  stems;  after  the  inlet  valve  of  cylinder  No.  I  hag 
opened  and  closed,  it  is  ready  to  fire.  The  plug  at  which  the  spark 
then  occurs  is  the  proper  plug  for  the  first  cylinder.  The  next  plug 
to  spark  belongs  to  the  cylinder  whose  inlet  valve  has  just  closed. 

Q.  When  a  motor  will  not  start,  but  fires  once  or  twice  and 
then  stops,  the  flywheel  rocking  back  and  forth,  what  Is  the  cause? 

A.  Some  of  the  spark-plug  leads  have  been  misplaced,  so  that 
after  one  or  two  explosions,  the  next  one  takes  place  out  of  sequence. 

Q.    How  many  different  firii^  orders  are  possible  in  a  motor? 

A.  This  depends  upon  the  number  of  pairs  of  cylinders  in  a 
motor,  as  the  two  cylinders  of  a  pair  cannot  fire  consecutively,  so 
that  the  ignition  alternates  from  one  pair  to  another.  For  example, 
in  a  four-cylinder  motor,  cylinders  No.  1  and  No.  4  constitute  one 
pair,  in  that  they  are  attached  to  crankpins  in  the  same  plane,  i.e., 
they  rise  and  fall  together;  cylinders  No.  2  and  No.  3  constitute  the 
other  pair.  Consequently,  starting  with  cylinder  No.  1,  there  are 
only  two  firing  orders  possible  in  a  four-cylinder  motor,  as  follows: 
1-2-4-3,  or  1-3-4-2.  By  starting  with  cylinder  No.  2,  as  the  first 
to  fire,  two  more  orders  may  be  used,  as  2-1-3-4  or  2-4-3-1.  It 
will  be  apparent,  of  course,  that  the  last-named  combination  is  merely 
the  reverse  of  the  second  one  given  above,  i.e.,  1-3-4-2.  In  this 
way,  the  total  number  possible  with  a  motor  of  this  type  is  eight 
firing  orders. 

Q.  Do  motors  differ  much  in  this  respect,  or  are  firing  orders 
pretty  well  standardized? 

A.  Of  the  eight  possible  firing  orders  that  may  be  used  in  a 
four-cylinder  motor,  only  two  are  in  common  use,  viz:  1-2-4-^ 
and  1-3-4-2.      This  is  because  the  selection  of  pylinde^J^q-.i,^ 
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the  first  to  fire  renders  it  easier  to  set  the  ignition  timing,  as  the 
piston  of  the  first  cylinder  is  usually  more  accessible  than  the  others. 
There  are  some  exceptions  to  this,  the  2-1-4-3  firing  order  having 
been  used  by  one  or  two  makes  of  cars  for  several  years;  but  the  two 
mentioned  above  are  in  such  general  use  as  to  be  considered  practi- 
cally standard. 

Q.  How  does  ttie  firing  order  of  a  six-cylinder  motor  differ 
from  that  of  a  four? 

A.  It  is  exactly  the  same  in  principle,  as  the  six  consists  of 
three  pairs  of  cylinders,  the  pistons  of  which  are  attached  in  couples 
to  the  crankshaft,  120  degrees  apart;  in  other  words,  a  three-throw 
crankshaft,  Instead  of  the  two-throw  of  the  four-cylinder  motor,  in 
which  the  cranks  are  180  degrees  apart.  Pairs  of  cylinders,  in  this 
connection,  has  no  reference  to  the  manner  in  which  they  are  cast, 
but  refers  simply  to  their  relation  to  the  crankshaft,  which,  in  turn, 
affects  their  firing  order.  The  ignition  must  accordingly  alternate 
from  one  pair  to  another  in  exactly  the  same  manner  as  in  the  four, 
but  a  greater  number  of  combinations  is  possible  as  there  are  three 
pairs  of  cylinders. 

Q.    What  are  some  typical  firing  orders  for  six-cylinder  motors? 

A.  As  in  the  case  of  the  four-cylinder  motor,  the  use  of  cylinder 
No.  1  as  the  starting  point  has  been  practically  standardized,  hence 
the  firing  orders  in  general  use  begin  with  it,  as:  1-5-3-6-2-4,  or 
1^2-6-3-5. 

Q.  How  does  the  firing  order  of  an  eight-cylinder  motor  differ 
from  that  of  a  four? 

A.  In  view  of  the  fact  that  the  usual  V-type  eight-cylinder 
motor  is  nothing  more  nor  less  than  two  four-cylinder  motors  work- 
ing on  the  same  crankshaft,  or,  as  it  may  be  better  put,  with  a  com- 
mon crankshaft,  the  firing  order  is  simply  that  of  two  four-cylinder 
motors  in  which  the  ignition  alternates  from  one  motor  to  the  other. 
That  is,  in  addition  to  alternating  from  one  pair  of  cylinders  to  the 
other,  as  already  described,  the  firing  also  must  alternate  from  one 
group  of  cylinders  to  the  other,  so  as  to  maintain  the  impulse  balance 
of  the  motor.  The  explosion  in  a  right-hand  cylinder  must  always 
be  followed  by  the  firing  of  a  left-hand  cylinder. 

Q.    What  are  the  usual  firing  orders  of  e]ght>«yllnder  motors? 

A.     The   same   as  those  for  fours,   i.e.,   1-2-4-3   and   1-3-4-2, 
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alternating  from  one  group  of  tour  cylinders  to  the  other,  as,  for 
example,  L1-R3-L2-R1-L4-R2-L3-R4,  or  R1-L4-R3-L2-R4-L1-R2-L3. 
The  number  of  combinations  is  increased  as  the  firing  order  may 
start  with  the  first  right  or  the  first  left  cylinder.    . 

Q.  How  does  the  firing  order  of  the  twelve-cylioder  motor 
differ  from  that  of  the  six? 

A.  It  bears  the  same  relation  to  the  six  that  the  eight  does  to 
the  four.  In  other  words,  the  twelve-cylinder  motor  is  practically 
two  six-cylinder  motors,  or  two  groups  of  six  pistons  each,  working 
on  a.  common  crankshaft, 

Q.  Qive  the  firiiq;  orders  (tf  two  of  the  twelve-cylinder  motors 
now  In  use? 

A.  The  Packard  twm-six  firing  order  is  R1-L6-R4-L3-R2-L5- 
R6-LI-R3-L4-R5-L2.  That  of  the  National  twelve  is  R1-L6-R5- 
L2-R3-L4-R6-L1-R2-L5-R4-L3. 

Q.    What  is  ttie  effect  of  a  cylinder  firing  out  of  order? 

A.  The  spark  mdy  either  occur  when  there  is  no  gas  in  the 
combustion  chamber,  in  which  case  that  cylinder  will  miss  when  it 
should  fire,  or  it  may  take  place  in  a  cylinder  that  will  be  fired  so 
as  to  act  against  the  other  cylinders  instead  of  wUh  them.  In  either 
case,  irregular  running  will  result.  Where  there  are  either  eight  or 
twelve  cylinders,  the  fact  that  one  is  either  missing  or  firing  against 
the  others  will  not  stop  the  operation  of  the  motor;  the  misfiring  of 
a  single  cylinder  in  a  twelve  is  scarcely  perceptible,  except  at  low 
speeds.  But  in  a  four  or  six,  the  misplacing  of  a  pair  of  sparkplug 
leads  will  prevent  the  running  of  the  motor  altogether. 

Q.    Is  it  possible  to  have  one  cylinder  fire  out  of  order? 

A.  It  will  be  evident  that,  as  the  cylinders  in  all  automobile 
motors  fire  in  alternate  pairs,  the  misplacii^  of  one  spark-plug  lead 
naturally  involves  the  dislocation  of  its  mate  or  its  alternate.  Con- 
sequently, one  cylinder  cannot  fire  out  of  order  alone;  two  will  always 
be  affected.  For  exajnple,  in  a  four-cylinder  motor,  if  the  secondary 
cable  to  the  plug  of  cylinder  No.  1  is  connected  to  the  spark  plug  of 
cylinder  No.  2,  it  is  apparent  that  No.  2  also  must  be  misplaced. 
Granted  that  there  is  no  other  fault  in  this  respect,  it  will  be  found 
connected  to  the  plug  of  No.  1. 

Q.  Qive  a  typical  example  of  misplaced  spark-plug  leads 
causing  improper  firing  order  and  its  consequence^?     ^  v.iv,i.ivii. 
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A.  Take  ttib  histanee  cited  above.  Cable  No.  1  has  been 
connected  to  cylinder  No,  2;  cable  No.  2  has  been  connected  to 
cylinder  No.  I.  The  firing  order  is  1-2-4-3,  which  means  that 
when  the  piston  of  cylinder  No.  1  is  going  down  on  the  power  stroke, 
the  piston  of  cylinder  No.  2  is  drawing  in  a  fresh  charge  of  fuel  mix- 
ture through  the  open  inlet  valve.  But,  as  cable  No.  2  is  connected 
to  cylinder  No.  I,  no  spark  takes  place  when  the  piston  finishes  its 
upward  travel  on  the  compression  stroke,  and  no  explosion  results. 
The  spark  instead  of  occurring  in  cylinder  No.  1,  takes  place  in 
cylinder  No.  2,  and  may  ignite  the  incoming  gas,  resulting  in  a  weak 
explosion  or  a  back-fire  through  the  inlet  valve.  If  the  placing  of  the 
inlet  valve  be  such  that  the  incoming  charge  is  not  fired  by 
the  spark  of  cylinder  No.  1,  but  takes  place  in  cylinder  No.  2,  on  the 
suction  stroke,  nothing  will  occur  in  cylinder  No.  2,  either.  When 
its  piston  comes  up  on  the  compression  stroke  ready  for  firing,  the 
spark  occurs  in  cyhnder  No.  1,  and  the  fresh  charge  passes  out  of  the 
exhaust  valve  of  cyhnder  No.  2  without  being  fired.  In  other  words, 
both  cylinders  No.  1  and  No.  2  miss.  Cylinders  Noa.  3  and  4  being 
connected  up  in  the  proper  order,  however,  they  will  fire  as  they 
should,  but  in  a  four-cylinder  motor  they  are  not  sufficient  to  keep 
the  motor  turning  over  steadily.  It  will  give  two  jerky  explosions 
and  stop.  After  cranking  several  times,  cylinder  No.  2  will  become 
more  or  less  filled  with  fresh  gaa,  and  a  back-fire  will  result  at  every 
other  revolution,  or  every  time  it  is  the  turn  of  cylinder  No.  2  to  fire. 
Cylinder  No.  1  is  not  likely  to  back-fire,  since  the  spark  is  occurring 
in  its  combustion  chamber  on  the  exhaust  stroke. 

Q.  What  would  be  the  effect  If,  instead  of  connecting  to 
cylinder  No.  I,  the  lead  of  cylinder  No.  2  misconnected  to  No.  3? 

A.  As  the  firing  order  of  the  motor  is  1-2-4-3,  it  will  be 
evident  (the  other  cables  being  correctly  connected)  that  cylinder 
No.  1  will  fire  properly;  No.  2  will  miss;  No.  4  will  fire  properly;  and 
No.  3  will  either  miss  or  back-fite;  so  that  the  motor  as  a  whole  will 
run  very  jerkily;  although  it  will  continue  to  run  on  this  combina- 
tion, i.e.,  one  operating  cylinder  in  each  alternate  pair  firing  a  revolu- 
tiou  apart.  In  this  case,  when  the  piston  of  cylinder  No.  2  has  just 
finished  cojuprcsaiiig  its  charge  and  should  fire  it,  its  spark  takes 
place  in  tho  OOtnbustiou  chamber  of  cylinder  No.  3,  which  is  then 
sxhausting,  so  that  it  is  also  much  more  likely  to  miss  than  to  back- 
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fire;  The  effect  will  be  practically  the  same  as  if  no  spark  at  all 
took  place  in  either  of  these  two  cyhnders,  and  the  motor  will  run 
on  one  pair  alone. 

Q.  Is  it  any  more  difficult  to  locate  trouble  due  to  the  cables 
being  connected  in  tlie  wrong  firing  order,  in  motors  having  six, 
eight,  and  twelve  cylinders? 

A.  The  greater  number  of  cylinders  would  naturally  add  to  the 
confusion,  and  the  fact  that  it  is  not  easy  to  tell  off-hand  when  one 
cylinder  in  an  eight  or  twelve  is  missing,  contributes  to  the  difficulty 
of  locating  the  one  at  fault.  On  the  other  hand,  however,  the  spark- 
plug leads  are  so  designed  that  it  is  much  more  difficult  to  connect 
them  up  in  any  but  the  right  way,  as  they  are  cut  to  exactly  the 
proper  length  and  are  usually  numbered  in  addition.  The  contacts 
of  the  distributor  are  also  identified  in  the  same  manner,  so  that 
the  connections  may  be  readily  checked  without  making  tests  of  any 
kind ;  it  is  only  necessary  to  trace  the  cables  from  £he  distributor  to 
the  plugs.  The  fact  that  the  motor  will  continue  to  run  on  a  pair 
of  cylinders,  even  though  its  leads  should  be  misplaced,  is  misleading, 
as  the  missing,  or  faulty  running,  is  likely  to  be  ascribed  to  a  poor 
spark  plug  or  something  of  that  nature  rather  than  to  the  real  cause. 

Q.  Can  the  firing  order  of  the  cylinders  be  disarranged  in  any 
other  way  than  by  the  misplacing  of  the  secondary  cables  connect- 
ing the  distributor  to  the  spark  plugs? 

A.  No.  Since  the  timer,  in  the  case  of  a  timer-  and  four-vibrator- 
coil  ignition  system,  as  on  the  Ford,  or  the  distributor,  as  on  a  magneto 
or  battery-ignition  system,  makes  iis  contacts  consecutively.  That 
is,  on  a  four-cylinder  timer  or  distributor,  the  contacts  occur  in  the 
order  1-2-3-4  and,  unless  the  leads  are  properly  connected  up,  the 
sparks  will  occur  in  the  cylinders  in  the  same  order.  To  obtain  the 
firing  order  mentioned  in  a  previous  query  for  a  four-cylinder  motor, 
i.e.,  1-2-4-3,  contact  No,  1  of  the  distributor  is  connected  to  cylinder 
No.  1,  contact  No.  2  to  cylindei'  No.  2,  contact  No.  3  to  cylinder 
No.  4,  and  contact  No.  4  to  cylinder  No.  3.  The  connections  would 
naturally  be  the  same  in  the  case  of  a  timer,  as  there  is  then  an 
independent  induction  coil  for  each  cylinder  of  the  motor. 

Q.  Has  grounditqr  or  shorticircuiting  of  the  secondary  leads 
any  effect  on  the  tring  order  of  the  motor? 

A.    This  may  be  the  case  where  two  sepondarx^fpj^lfis  ||oudi 
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each  other  and  there  is  a  short-circuit  at  the  point  of  contact.  For 
example,  assume  that  the  cables  of  cylinders  No.  I  and  No.  2  cross 
each  other  in  running  from  the  distributor  to  their  respective  spark 
plugs  (this  is  poor  practice  in  wiring,  but  it  is  nothing  unusual  to 
"  see  it  on  old  cars)  and  that  there  is  a  leak  in  their  insulation  at  this 
point.  After  being  in  service  for  some  time,  spark-plug  points  burn 
away  unevenly,  so  that  the  gap  at  one  is  less  than  at  the  other. 
Consequently,  there  will  be  less  resistance  at  this  plug  than  at  the 
one  with  the  wider  gap;  in  short,  the  combined  resistance  of  the 
leakage  gap  where  the  cables  cross  and  that  of  the  spark  plug  with 
the  smaller  opening  may  be  less  than  that  of  the  plug  which  has 
burned  further  apart.  Then  the  current  intended  to  produce  a 
spark  at  this  plug  will  leak  through  the  insulation  and  produce 
a  spark  at  the  other  plug  instead,  and  the  latter  will  fire  out  of 
order  while  the  first  plug  will  miss. 

Q.  Does  a  change  in  the  firing  order  of  a  motor  have  any 
effect  on  its  running?  For  example,  assume  a  four-cylinder  motor 
designed  to  run  with  the  firing  order  of  1-2-4-3.  Will  such  a 
motor  run  any  better  if  the  firing  order  be  shifted  to  1-3-4-2,  or  to 
2-1-3-4?    Can  this  be  done  easily? 

A.  So  far  aa  the  actual  operation  of  the  motor  is  concerned, 
such  a  change  would  have  no  particular  effect,  as  a  cylinder  of  each 
alternate  pair  would  fire  consecutively.  The  change  can  be  made 
without  any  difficulty,  on  the  average  motor,  by  providing  new 
secondary  cables,  as  the  latter  are  usually  cut  to  about  the  right 
length  to  reach  from  the  distributor  to  the  spark  plugs  in  the  firing 
order  for  which  the  motor  is  originally  designed.  Then  connect 
distributor  contact  No.  I  to  cylinder  No.  2,  contact  No.  2  to  cylin- 
der No.  1,  contact  No.  3  to  cylinder  No.  3,  and  contact  No.  4  to 
cylinder  No.  4.  Of  course,  to  make  the  valves  function  to  correspoiil 
to  this  new  firing  order,  the  camshaft  must  be  readjusted. 

Q.  Why  do  different  manufacturers  adopt  different  firing 
orders,  if  there  is  no  particular  benefit  to  be  derived  from  one  as 
compared  with  another? 

A.  Chiefiy  to  adapt  the  wiring  more  conveniently  to  the  loca- 
tion of  other  essentials,  such  as  the  magneto  or  the  distributor  of  a 
battery  system,  although  the  intake  manifold  design  may  influence 

the  choice.  u   ■•  n    v^iv-ii-ivn^ 

I.I  i_,.    ,,  ^ 
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SPARK  PLUOS 
Q.    What  are  the  usua]  causes  of  failure  of  the  spark  plug? 

A.  An  accumulation  of  carbon  on  the  inner  end  of  the  porcelain 
and  the  shell,  causmg  a  short-circuit;  broken  porcelain;  points 
burned  too  far  apart  to  permit  spark  to  pass. 

Q.  When  there  is  a  hissing  noise  at  the  plug,  or  when  oil 
squirted  on  It  bubbles  violently  with  the  motor  runnli^;,  what  does 
it  indicate? 

A.  Either  that  the  porcelain  of  the  plug  is  not  screwed  down 
tightly  on  its  gasket  on  the  shell,  the  porcelain  is  broken,  or  the  plug 
itself  is  not  tight  in  the  cylinder. 

Q.  What  is  the  cause  of  a  discharge  across  the  porcelain  of  the 
plug? 

A.  The  points  are  too  far  apart,  or  the  porcelain  is  broken; 
usually  the  former.  This  usually  will  be  noted  only  on  plugs  having 
very  short  porcelains  as  where  the  latter  are  long,  the  distance  is 
much  greater  than  the  maximum  to  which  the  points  can  be  sep- 
arated and  any  spark  that  would  occur  owing  to  the  latter  cause 
would  take  place  at  the  safety  gap. 

Q.  Why  Is  it  that  when  a  good  spark  will  occur  between  the 
points  of  a  plug  in  the  open  air,  an  equally  good  spark  cannot  be 
obtained  in  the  cylinder  with  the  same  distance  between  the  points 
of  the  plug? 

A.  Compressing  air  increases  its  resistance  to  the  electric 
current,  so  that  a  stronger  current  is  necessary  to  produce  the  same 
spark  under  compression  in  the  cylinder,  as  may  be  obtained  in  the 
open  air  with  less  current.  This  is  one  of  the  symptoms  of  a  weak 
starting  battery  {dry  cells).  All  the  plugs  will  spark  satisfactorily 
when  removed  from  the  cylinders,  but  it  is  found  very  difficult  to 
start  the  engine  by  cranking.  When  fresh  cells  cannot  be  had,  it 
may  be  overcome  temporarily  by  adjusting  the  points  of  the  plugs 
closer  together,  in  this  way  obtaining  a  satisfactory  spark  with  less 
current. 

Q.  What  is  the  proper  distance  between  the  pouits  of  the 
sparit  plugs? 

A,  For  good  working  with  a  magneto,  this  should  not  exceed 
A  inch.  With  storage-battery  ignition,  it  may  be  greater,  but  it  is 
good  practice  to  employ  the  smaller  gap  with  either.         v^ivn.ivn. 
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Q.  How  rapidly  do  the  electrodes  of  the  sparit  plugs  burn 
away,  and  what  effect  does  this  have? 

A.  This  will  depend  upon  the  plugs  themseives  and  the  character 
of  the  current  supply.  The  cheaper  plugs  with  ordinary  iron-wire 
electrodes  will  bum  away  very  rapidly,  becoming  much  too  widely 
separated  in  a  few  weeks'  use.  With  better  grade  plugs,  using  a  hard 
alloy  for  the  electrodes,  the  time  will  depend  more  or  less  on  the 
magneto,  or  where  a  storage  battery  is  employed,  on  the  coil.  Some 
produce  a  very  much  hotter  spark  than  others  and,  consequently, 
bum  the  plugs  away  that  much  sooner;  but  a  good  plug  ought  not 
to  need  adjustment  under  two  or  three  months  of  ordinary  running. 
The  fact  that  the  plug  points  have  burned  too  far  apart  will  be 
evidenced  by  a  very  perceptible  falling  off  in  the  power;  by  missing 
spasmodically  in  different  cylinders  at  low  speeds;  and  by  an  occa- 
sional dischat^e  across  the  porcelain  on  the  outside  of  the  plt^,  if 
the  latter  is  of  the  short  type. 

Q.  What  can  be  done  when  there  is  an  escape  of  compression 
around  the  porcelain  of  the  plug? 

A.  If  the  porcelain  is  not  broken,  this  can  be  remedied  by 
turning  down  the  gland  or  packing  nut  which  holds  the  porcelain  in 
the  metal  shell.  There  is  an  asbestos  washer  under  this  packing 
nut,  and  tightening  the  latter  causes  it  to  fill  completely  any  space 
between  the  porcelain  and  the  shell.  The  nut  should  be  given  only 
a  fraction  of  a  turn,  and  the  tightening  should  be  done  when  the 
plug  is  cold;  if  it  is  tightened  when  very  hot,  the  contraction  due  to 
the  cold  is  liable  to  crack  the  porcelain. 

Q.  What  is  one  of  the  commonest  ways  of  breakiiy;  qmrit- 
plug  porcelains? 

A.  The  use  of  a  big  wrench  in  putting  the  plugs  into  the 
cylinders.  Only  a  spark-plug  wrench  or  a  small  wrench  having  but 
a  3-inch  or  a  4-inch  handle  should  be  employed.  The  leverage 
available  with  the  big  wrench  is  so  great  that  the  porcelam  is  crushed, 
frequently  without  the  knowledge  of  the  man  using  it. 

Q.    How  can  a  broken  porcelain  be  detected? 

A.  Usually  by  grasping  the  plug  between  the  fingers  and  try- 
ing to  turn  the  porcelain  sideways  or  to  revolve  it.  Any  play  is 
generally  an  indication  that  the  porcelain  is  broken,  though  some- 
times they  will  loosen  up  so  much  under  the  influence  o(  ^t)rat^a 
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that  they  may  be  turned  easily  with  the  fingers.  Tightening  the 
packing  nut  will  overcome  this.  Where  this  treatment  does  not 
locate  a  break,  squirting  a  little  oil  on  the  porcelain  while  the  motor 
is  running  will  do  so. 

Q.    How  long  should  a  good  plug  stay  in  service? 

A.  This  is  hard  to  average,  but  with  occasional  adjustment  of 
the  points,  a  good  plug  will  frequently  continue  to  give  satisfactory 
service  for  several  thousand  miles;  some  have  been  known  to  run  for 
well  over  10,000  miles,  and  still  continue  to  operate  satisfactorily. 
When  the  motor  does  not  run  properly  and  the  plugs  are  suspected, 
it  is  better  to  try  the  effect  of  a  new  set  and  note  the  running  of  the 
motor  carefully,  before  discarding  the  old  ones,  as  the  fault  will 
frequently  be  found  elsewhere.  The  first  thing  that  many  repair 
men  do  with  a  motor  that  is  a  bit  off  is  to  throw  away  a  perfectly 
good  set  of  spark  plugs. 

Q.    What  is  a  "series"-type  plug,  and  what  advantages  has  ft? 

A.  This  is  a  type  of  plug  fitted  with  two  insulated  terminals, 
instead  of  one,  as  in  the  ordinary  type,  as  it  does  not  make  a  ground 
connection  on  the  motor  by  being  screwed  into  the  cylinder.  It  is 
intended  to  be  used  in  series  with  an  ordinary  plug,  hence  the  name. 
The  current  passes  through  the  series  plug  first,  and  then,  through 
the  second  plug  of  the  ordinary  tj-pe,  to  the  ground,  thus  producing 
two  sparks  instead  of  one.  The  advantages  claimed  for  its  use  are  a 
more  rapid  and  thorough  combustion  of  the  mixture,  due  to  the  spark 
occuring  at  two  widely  separated  places  in  the  combustion  chamber; 
but,  in  actual  practice,  the  gain  is  not  sufficient  to  warrant  the  extra 
complication,  so  that  this  type  of  plug  is  seldom  used. 

Q.  What  is  the  object  of  fitting  a  plug  with  several  spaiklng 
terminals,  or  electrodes? 

A.  The  current  will  always  follow  the  path  of  least  resistance 
and  will  accordingly  bridge  the  smallest  gap.  The  sparking  will 
start  at  this  gap  and,  when  that  particular  electrode  burns  away, 
will  shift  to  one  of  the  others  until  that  has  also  burned  too  far  open, 
i.e.,  until  its  resistance  becomes  greater  than  that  of  the  next  one, 
and  so  on.  Such  a  plug  should  stay  in  service  longer  without  the 
necessity  of  adjusting  the  gap,  but,  apart  from  this,  it  has  no  par* 
ticular  advantage,  as  the  3hoi>t>circuiting  of  one  of  the  ^aps  n 
all  of  them  useless.  lh  i^  n  ,  v^ivn 


236  ELECTRICAL   EQUIPMENT' 

Q.  What  threads  are  generally  used  on  spark  plugs,  and  which 
thread  is  to  be  preferred,  from  the  repair  man's  point  of  view? 

A.  Half-inch  iron  pipe,  metric  and  S.A.E.  standard.  Plugs 
with  iron-pipe  threads  are  employed  only  on  the  cheaper  cars;  metric- 
threaded  plugs  will  be  found  on  foreign  cars  only,  and  S.A.E.  standard 
plugs  (I  inch-18)  on  most,  if  not  all,  of  the  better  American  cars 
dating  from  about  1913  on.  All  work  equally  well  so  far  as  holding 
compression  is  concerned.  The  uvn-pipe  plug  is  likely  to  cause  trouble 
in  this  way  sooner  than  the  others,  as  they  do  not  depend  upon  the 
thread  itself  to  prevent  leakage.  The  S.A.E.  standard  plug  is 
preferable,  being  a  better  mechanical  product  than  the  iron-pipe 
plug  as  the  threads  of  the  latter  are  not  so  accurate,  and  the  plug 
itself  is  usually  not  so  well  made. 

Q.  When  a  spark  plug  leaks  at  the  base,  i.e.,  at  the  point 
where  it  is  screwed  into  the  cylinder,  what  is  the  cause? 

A.  If  of  the  iron-pipe  type  which  depends  entirely  upon  its 
tapered  thread  to  hold  the  compression,  a  section  of  the  thread  may 
have  been  damaged  in  handling.  With  either  of  the  other  types,  the 
plug  may  not  be  seated  snugly  enough  on  its  gasket,  in  which  case 
a  quarter-turn  in  will  usually  remedy  the  leak.  If  it  does  not,  the 
gasket  should  be  replaced  with  a  new  one. 

Q.  Is  there  any  dai^er  of  turning  an  iron-pipe  plug  in  too 
tightly? 

A.  If  screwed  home  too  tightly  while  the  motor  is  hot,  the  plug 
may  bind  and  become  very  difficult  to  remove,  sometimes  necessi- 
tating drilling  it  out  and  re-tapping  the  hole. 

Q.    Is  the  priming  type  of  plug  of  any  particular  advanti^? 

A.     On  low-priced  cars  not  fitted  with  pet  cocks  in  the  cylinders,  . 
it  is  an  aid  to  starting  in  cold  weather;  though,  as  a  matter  of  fact, 
the  priming  inlet  of  the  plug  is  likely  to  become  clogged  with  soot, 
so  that  it  cannot  be  used  for  injecting  gasoline  into  the  cylinders. 

Q.  Why  has  the  magnetic  type  of  spark  plug  not  come  Into 
general  use? 

A.  It  is  an  expensive  type  of  plug  to  make  and  is  more  subject  to 
derangement  than  the  ordinary  kind.  It  is  only  intended  to  be  used 
with  a  low-tension  magneto  and  plain-spark  coil  (single  winding  on  an 
iron  core),  and  this  type  of  magneto  has  long  since  become  obsolete 
on  the  automobile.  in  1 1^  n  ,  v^ivn-ivn. 
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Q.    Is  porcelain  or  mica  preferable,  as  the  insulator  of  the  plug? 

A,  While  mica  is  practically  unbreakable,  it  is  liable  to  become 
satmBted  with  oil  and  dirt,  causing  leaks  that  are  hard  to  trace; 
so  that  the  use  of  porcelain  is  preferable,  despite  its  liability  to 
breakage. 

Q.  Is  changing  from  one  make  of  plug  to  another  likely  to  cause 
any  difference  in  the  running  of  a  motor? 

A.  As  the  power  of  the  motor  is  dependent,  to  a  very  large 
extent,  upon  the  proper  ignition  of  the  charge,  a  change  from  one 
make  of  plug  to  another  will  sometimes  make  a  very  marked  differ- 
ence. Because  of  the  great  amount  of  variation  in  the  width  of  the 
cooling  jacket  and  the  thickness  of  the  cylinder  walls,  certain  types 
of  plugs  are  particularly  adapted  to  certain  makes  of  motors.  In 
fact,  the  plugs  have  been  designed  especially  for  service  on  those 
motors.  For  example,  some  motors  requu-e  an  unusually  long  plug 
to  permit  of  the  sparking  points  extending  well  into  the  combustion 
chamber.  In  others,  a  plug  of  this  type  might  interfere  with  the 
piston  when  at  upper  dead  center.  Always  use  the  type  of  plug 
recommended  by  the  manufacturer  of  the  car. 

Q.  What  is  the  cause  of  the  spark  plugs  in  a  motor  becomii^ 
fouled  very  rapklly? 

A.  An  excess  of  lubricating  oil  is  finding  its  way  into  the  com- 
bustion chamber,  and  its  burning  there  deposits  a  heavy  layer  of 
carbon  on  the  ends  of  the  plugs.  This  may  be  due  to  leaky  piston 
rings;  the  use  of  improper  oil  for  the  motor,  as  where  a  very  light  oil, 
instead  of  a  heavy  bodied  lubricant  is  used  in  a  motor  intended  for 
the  latter;  or,  in  old  cars,  the  lack  of  baffle  plates  between  the  crank- 
case  and  cylinders.  Kunning  the  motor  with  an  over-rich  fuel  mix- 
ture will  also  cause  sooting  of  the  plugs.  The  use  of  a  heavier  oil 
and  with  it  a  certain  proportion  of  flake  graphite,  or  "Gredag",  will 
often  greatly  improve  the  compression  of  an  old  motor  and  effectively 
remedy  this  trouble. 

Q.  Is  it  advisable  to  use  lubricating  oil  mUed  with  graphite 
in  all  old  cars? 

A.  It  is  usually  good  practice,  except  on  the  Ford,  as  the  mag- 
neto of  the  latter  runs  in  oil  splashed  back  from  the  crankcase,  and 
the  presence  of  graphite  in  this  oil  would  short-circuit  the  magneto. 
In  case  this  has  been  done  on  a  Ford,  it  would  be  necessary  to  wash 
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the  nagneto  *ut  veiy  thoroughly  with  gasoline  to  remove  all  traces 
of  the  graphite,  and  even  that  might  not  remedy  the  short-circuiting. 

Q.  When  the  plug  in  only  one  cylinder  of  a  motor  continually 
soots  up  very  rapidly,  what  is  the  cause? 

A.  That  particular  cylinder  is  being  flooded  with  oil,  and  an 
excess  amount  of  it  is  reaching  the  combustion  chamber.  A  piston 
ring  may  have  broken  in  that  cylinder,  the  rings  may  have  worked 
around  until  their  openings  are  in  line  with  one  another,  or  the  supply 
system  may  have  become  deranged,  causing  an  excess  of  oil  to  reach 
the  section  of  the  crankcase  directly  under  that  cylinder. 

Q.  Is  there  any  way  of  knowing  to  a  certainty  before  undertak- 
ing an  inspection,  whether  missing  is  due  to  a  faulty  plug  or  to  some 
derangement  of  the  carburetor? 

A.  If  the  miss  continually  occurs  in  the  same  cylinder,  it  may 
be  put  down  as  due  to  the  plug  or  wiring  of  that  particular  cylinder, 
even  though  the  plug,  when  tested  from  the  outside  (i.e.,  without 
removing  it  from  the  cylinder),  is  apparently  working  properly. 
When  the  missing  is  spasmodic,  occurring  first  at  one  cylinder  and  then 
at  another,  it  is  more  likely  to  be  due  to  faulty  carburetor  adjustment 
or  a  partially  clogged  carburetor  nozzle.  A  weak  dry  battery, 
however,  will  produce  similar  symptoms;  failing  fuel  supply  also  will, 
though,  in  this  case,  the  whole  motor  will  run  jerkily  one  moment, 
speed  up  the  next,  and  then  almost  stop,  only  to  repeat  the  per- 
formance. 

Q.  Is  the  usual  test,  made  by  unclipping  the  secondary  cable 
from  the  plug  and  holding  It  near  the  terminal  with  the  motor  run- 
ning, always  conclusive  as  to  the  proper  working  of  the  plug,  when  a 
sporic  occurs  between  the  two? 

A.  No.  Sinre  a  short-circuited  plug  will  not  prevent  a  spark  from 
passing  between  its  outer  terminal  and  the  end  of  the  cable  held  near 
it.  The  gap  made  by  disconnecting  the  secondary  cable  and  hcJding 
k  a  short  distance  away  has  simply  taken  the  place  of  the  gap  which 
should  exist  between  the  plug  points.  This  test  is  conclusive  only 
as  to  the  proper  funotioning  of  the  distributor  and  tjie  integnty  of 
tbe  wirii^  connecting  that  particular  plug. 

Q.  When  the  motw  misses  spannodicaUy,  and  there  are  intei^ 
mittent  disdiarges  of  h^^tenskm  current  at  dWerent  points  on  the 
cylinders,  while  it  is  running,  what  is  the  cause?  v_imi.>viv. 
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A.  Moisture.  The  secondary  cables  have  become  wet  enough 
to  cause  leakage  of  the  high-tension  current;  usually  the  result  of  the 
careless  use  of  the  hose  in  washing.  The  only  remedy  is  to  run  the 
motor  continuously  until  the  heat  dries  things  out  thoroughly. 

Q.  When  no  spark  plug  is  obtainable  af  any  of  tbe  plugs,  so  that 
ttie  motor  cannot  be  started,  In  what  order  should  the  cause  of  the 
trouble  be  run  down? 

A.  If  a  dry  battery  is  used  as  the  source  of  current,  first  see 
that  it  is  not  exhausted  by  testing  with  a  small  ammeter.  Each  cell 
should  show  10  amperes  or  more.  If  one  is  considerably  below  the 
others,  it  reduces  them  to  its  level.  Where  a  storage  battery  is  used, 
switch  on  the  lights  as  a  test.  They  should  bum  brightly.  Provided 
there  is  no  failure  of  the  current,  inspect  the  interrupter,  or  contact 
breaker;  see  that  its  points  separate  when  the  high  part  of  the  cam 
strikes  the  arm  carrying  the  movable  point.  If  they  do  not  separate, 
no  current  is  induced  in  the  secondary  winding,  and  an  adjustment  of 
the  points,  to  open  about  the  space  represented  by  an  ordinary 
visiting  card,  will  remedy  the  trouble.  If  the  points  open  properly, 
inspect  the  wiring  and  connections  between  the  interrupter  and  the 
battery.  Shoidd  both  the  interrupter  and  its  wiring  be  O.  K.,  note 
whether  the  ground  connection  from  the  coil  is  fast.  Failing  all  of 
these,  inspect  the  high-tension  distributor.  This  is  about  the  order 
in  which  the  trouble  would  be  likely  to  occur. 

Q.  When  the  motor  continues  to  run  after  the  current  has 
been  turned  off,  what  is  the  cause? 

A.  The  cylinders  have  become  so  hot,  due  either  to  lack  of  oil  or 
or  low  water  in  the  cooling  system,  failure  of  circulation,  etc.,  that 
either  the  spark-plug  electrodes  have  become  red  hot,  or  particles 
of  carbon,  deposited  in  the  combustion  chamber,  have  become  incai^ 
descent,  thus  firing  the  charge.  The  fuel  supply  must  be  shut  off 
and  the  motor  allowed  to  cool. 

Q.  Should  the  motor  back-fire  when  attempting  to  start,  eves 
though  the  spark-advance  lever  has  been  pulled  back  as  far  as  tt  will 
go,  what  is  causing  the  trouble? 

A.  The  linkage  connecting  the  spark-advance  lever  with  the 
bredcer  box  of  the  magneto  or  of  the  interrupter  (battery  system)  has 
parted  at  some  point,  so  that  it  no  longer  moves  the  breaker  box  to 
retard  the  time  of  ignition.  lh  i_  n  ,  v^ivn-ivn. 
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REQULATION  DEVICES 
Interrupters  and  Timers 

Q.    How  does  an  interrupter  operate? 

A.  It  is  normally  closed,  short-circuiting  the  battery  on  the 
primary  winding  of  the  coil  until  just  before  it  is  necessary  for  the 
spark  to  occur  in  the  cylinder;  a  cam  then  separates  the  contact 
points,  and  the  high-tension  current  induced  in  the  secondary  wind- 
ing of  the  coil  jumps  the  gap  of  the  plug.  In  the  case  of  a  magneto, 
the  winding  of  the  armature  is  short-circuited  on  itself  to  permit  it 
to  "build  up",  so  that  when  the  interrupter  contacts  are  opened  by 
the  cam,  the  peak  or  highest  value  of  the  current  wave  generated 
is  utilized.  The  opening  of  the  circuit  in  either  case  occurs  at  the 
same  time  the  distributor  arm  is  passing  one  of  its  contacts.         ' 

Q.    How  does  a  timer  operate? 

A.  Contacts,  insulated  from  each  other,  their  number  corre- 
sponding to  the  number  of  cylinders,  are  located  at  equidistant  points 
on  the  inner  drcumference  of  the  timer  housing,  while  the  shaft  carries 
a  single  contact  which  in  its  revolution  successively  touches  each  one 
of  the  stationary  contacts. ,  Where  separate  vibrator  coils  are  used,  as 
on  the  Ford,  each  stationary  contact  corresponds  to  one  of  the  coils. 

Q.  Do  interrupters  and  timers  fail  from  the  same  causes,  and 
what  are  they? 

A.  No.  The  cause  of  failure  in  one  case  is  the  reverse  of  that  in 
the  other.  An  interrupter  fails  when  it  does  not  open  the  circuit, 
and  a  timer  when  it  does  not  close  it.  Dirt  and  wear  are  the  usual 
causes  of  failure  in  both  cases;  moisture  is  also  responsible  at  times. 
Test  by  having  an  assistant  turn  the  engine  over  slowly  by  hand 
and  watch  the  operation  of  the  interrupter;  if  the  cam  fails  to  sep- 
arate the  contact  points,  true  up  their  faces  with  fine  sandpaper  and 
test  again.  (This  does  not  apply  to  Atwater  Kent  interrupters. 
See  description.)  Stop  with  the  cam  in  the  opening  position  and 
see  if  a  sheet  of  ordinary  paper  can  be  slipped  between  the  contacts. 
See  that  there  is  not  an  excess  of  oil  in  the  housing,  as  oil  on  the  con- 
tact point  insulates  them.  In  the  case  of  a  timer,  see  that  the  spring 
of  the  movable  contact  has  sufficient  tension  to  keep  it  pressed  firmly 
against  the  stationary  contacts  as  it  revolves;  note  whether  sufficient 
wear  has  occurred  to  cause  poor  contact  even  with  sufficient  spring 
pressure.  ui  n-,.  n,,  v^iv  n.ivii> 
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Q.    How  far  should  the  contacts  of  an  interrupter  separate? 

A,  This  differs  somewhat  with  different  systems,  but  in  the 
case  of  the  interrupters  used  on  battery  systems,  it  is  very  small, 
seldom  exceeding  a  few  thousandths  of  an  inch.  In  the  case  of  the 
Atwater  Kent  interrupter,  this  is  .010  to  .012  inch,  (Coated  cata- 
logue paper  is  .005  to  .007  inch  thick;  a  thin  visiting  card  is  .010  to 
.015  inch  thick.) 

Q.  How  does  the  Atwater  Kent  Jntemipter  differ  from  other 
battery  Interrupters? 

A.  The  circuit  is  normally  open  and  only  remains  closed 
momentarily  before  being  opened  by  the  droppmg  of  the  lifter  into 
its  notch  on  the  shaft. 

Q.  Can  this  interrupter  be  tested  In  the  same  way  as  that  Just 
described? 

A.  No.  The  movanent  of  the  lifter  in  striking  the  latch  to  close 
the  circuit  is  so  rapid  that  it  cannot  be  detected  with  the  unaided 
eye,  even  though  the  engine  be  turned  over  very  slowly  by  hand. 

Q.    What  will  cause  this  interrupter  to  fail? 

A.  Wear  of  the  lifter  to  an  extent  where  it  will  not  engage  the 
notches  of  the  shaft  properly,  usually  caused  by  lack  of  oil.  Other 
causes  of  failure  are  the  same  as  for  other  types,  generally  worn  or 
burned  contact  points. 

Q.  When  the  contact  points  of  an  intarupter  of  any  type 
bum  away  very  rapidly,  what  is  the  cause? 

A.  The  condenser  has  broken  down  so  that  it  is  no  longer  pro- 
tecting the  points  from  the  full  heating  effect  of  the  arc  formed 
at  the  time  of  breaking  the  circuit.  Use  the  testing-lamp  outfit 
described  in  connection  with  lighting  and  starting  systems.  Apply 
one  point  to  each  of  the  condenser  terminals;  if  the  htmp  lights,  the 
condenser  is  short-circuited.  The  only  practical  remedy  is  replace- 
ment by  the  manufacturer,  as  even  the  best  equ^)ped  garage  is 
seldom  fitted  to  take  care  of  such  work. 

Q.  Does  discoioratton  always  indicate  burned  contact  points, 
and  bow  often  should  these  points  require  cleaning  and  adjustment? 

A.  No.  According  to  the  particular  alloy  used  in  the  contacts 
they  will  assume  a  bright  pinple,  an  orange,  or  a  gray  tinge.  The 
squareness  of  their  surfaces  and  the  contact  they  make  when  together 
are  the  best  indications  of  whether  attention  is  ne^ed;  if^^^^a^ 
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high  on  one  side,  truing  up  will  be  necessary.    Unless  the  con- 
denser has  failed,  they  should  not  require  attention  oftener  than 
once  a  season,  or  say  6000  to  8000  thousand  miles'  running. 
Distributors 

Q;  What  is  the  function  of  the  distributor  and  how  does  it 
differ  from  that  of  the  interrupter  and  timer? 

A.  At  the  same  moment  that  the  interrupter  opens  the  primary 
circuit  of  the  coU,  or  the  timer  makes  it  in  the  case  of  a  vibrating  coil, 
the  distributor  makes  contact  with  a  stationary  segment  representing 
a  spark-plug  terminal.  The  distributor  accordingly  is  said  to  run 
synchronously  with  the  interrupter  or  timer.  It  is  practically  a  dupli- 
cate of  the  timer  designed  to  handle  a  high-tension  current,  in  that  it 
has  one  revolving  contact  and  a  stationary  contact  for  each  cylinder. 

Q.  Does  the  moving  member  of  a  distributor  actually  make 
contact  with  the  stationary  contacts,  as  In  the  timer? 

A.  No.  This  is  not  necessary  owing  to  the  high  voltage  of 
the  current.  The  moving  member  [)asses  very  close  to  the  face  of 
the  stationary  contact  but  does  not  actually  touch  it,  thus  avoiding 
wear.  This  applies,  however,  only  to  those  early-type  magnetos  or 
to  separate  distributors  employing  a  metal  moving  contact.  Where 
carbon  brushes  are  employed,  they  are  pressed  against  a  fiber  disc 
with  a  metal  segment  countersunk  flush  with  its  face  and  this  seg- 
ment passes  under  each  carbon  bru^  in  rotation. 

Q.    What  are  the  usual  causes  of  failure  in  a  distributor? 

A.  Short-circuits,  due  to  moisture,  dirt,  or  carbon  dust.  Owing 
to  the  high  voltage  of  the  current  it  will  leak  across  barely  perceptible 
paths  caused  by  dampness  or  carbon  dust. 

Q.  What  is  the  so-called  ignition  unit  of  the  modem  battery 
system? 

A.  This  is  a  combined  contact  breaker  and  distributor 
similar  to  the  contact  breaker  and  distributor  of  a  m^neto — 
in  other  words,  a  magneto  minus  the  current-generating  end.  It  is 
mounted  on  a  vertical  shaft  and  is  driven  through  bevel,  or  helical 
gearing,  from  either  the  camshaft  or  one  of  the  auxiliary  shafts  of  the 
engine  (i.e.,  water  pump  or  magneto-drive  shaft).  The  contact 
breaker  is  placed  directly  below  the  distributor,  the  secondary  cables 
coming  out  of  the  upper  face  of  the  latter.  (See  description  of 
Westinghouse  and  Connecticut  units.)  un  i^  n  ,v^iv.'i.i^^ii- 
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Q.    What  Is  the  "unJsparker*7 

A.  This  is  the  Atwater  Kent  ignition  unit  and  is  similar  in  gen- 
eral design  to  those  referred  to  above  but  it  is  an  "open-circuit"  type, 
while  they  are  "closed-circuit".  The  term  is  a  trade  name  derived 
from  the  fact'  that  the  contact  breaker  makes  but  a  single  spark,  as 
compared  with  the  vibrator  coil  which  produces  a  series  of  sparks 
only  one  of  which,  however,  is  available  for  ignition.  All  contact 
breakers  on  magnetos  and,  as  now  used,  on  modern  battery  systems, 
produce  but  a  single  spark.  The  time  of  ignition  is  so  limited  on  a 
high-speed  engine,  that,  if  this  single  spark  fails  to  ignite  the  charge  in 
the  cylinder,  subsequent  sparks  are  of  little  value,  as  the  piston  is 
ah-eady  well  down  on  the  firing  stroke  by  the  time  a  later  spark  occurs, 
and  much  of  the  force  of  the  explosion  is  lost. 

Q.  How  is  the  time  of  ignition  advanced  and  retarded  on  the 
ignitioa  unit? 

A.  Usually  by  altering  the  relation  of  the  moving  contact  of  the 
distributor  to  the  stationary  contacts.  The  distributor  plate,  i.e., 
the  insulating  disc  carrying  the  stationary  contacts  is  connected  to 
the  spark-advance  lever  on  the  steering  column,  and  it  may  be  moved 
part  of  a  revolution  backward  or  forward  to  advance  or  retard  the 
time  of  igniUon.  To  alter  the  timing,  the  position  of  the  moving 
contact  on  its  driving  shaft  may  be  shifted.  For  example,  in  the 
Delco  distributor  a  central  screw  in  this  member  is  loosened,  and 
the  contact  may  then  be  moved  in  either  direction  with  relation 
to  the  shaft. 

Switches 

Q.  What  is  a  "reversing"  switch  and  why  is  it  enq>loyed  on 
^ition  systems? 

A.  It  is  a  double-contact  switch  which  reverses  the  polarity 
of  the  current,  i.e.,  its  direction,  through  the  contacts  of  the  inter- 
rupter every  time  the  switch  is  closed.  This  is  done  to  prevent 
the  burning  away  of  the  contact  points  in  one  direction  which  would 
cause  a  peak  to  form  on  the  positive  and  a  crater,  or  depression,  on 
the  negative.  Reversing  the  direction  of  the  current  causes  the 
points  to  become  alternately  negative  and  positive  in  accordance 
with  the  position  of  the  switch. 

Q.  What  Is  the  nature  of  the  trouble  ordinarily  to  be  looked 
for  hi  a  switch? 
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A.  Poor  contact  due  to  wear  or  weakening  of  the  spring; 
broken  or  frayed  connections  causing  a  ground  or  short-circuit. 

Q.     What  is  an  automatic  switch? 

A.  This  term  is  frequently  applied  to  the  battery  cut-out  of  the 
lighting  and  starting  system.  On  the  Connecticut  ignition  system,  it 
is  a  thermally  operated  switch,  designed  to  open  the  circuit  when  the 
switch  has  inadvertently  been  left  on  after  the  engine  has  stopped. 

Q.    Are  there  any  troubles  peculiar  to  automatic  type  of  switch? 

A.     None  that  is  not  equally  so  of  any  similar  device  such  as 
the  battery  cut-out  or  the  circuit  breaker. 
Coils 

Q.  How  many  different  types  of  coiis  are  employed  in  connec- 
tion with  ignition  systems? 

A.  Three.  The  first  and  simplest  of  these  is  usually  termed  a 
apark  coU,  and  consists  of  a  single  winding  of  coarse  wire  on  a  heavy 
iron  wire  core.  It  acts  by  self-induction,  the  circuit  remaining  closed 
long  enough  to  permit  the  core  to  become  thoroughly  magnetized; 
the  energy  thus  stored  in  the  core  being  released  when  the  circuit  is 
broken  again.  This  gives  increased  volt^e  at  the  spark  plug  and 
causes  an  "arc"  rather  than  a  spark  at  the  latter  when  the  terminals 
of  the  plug  are  separated.  This  type  of  coil  is  only  employed  in  con- 
nection with  low-tension  or  mechanically  operated  spark  plugs, 
and  this  system  is  now  used  on  stationary  engines  and  motor  boats 
exclusively,  having  long  since  become  obsolete' on  the  auotomobile. 

The  other  two  types  are  known  as  induction  coils,  and  differ 
merely  in  one  being  fitted  with  a  vibrator  while  the  other  does  not 
requure  this  attachment  to  operate  it.  The  induction  coil  is  a  minia- 
ture step-up  transformer.  It  consists  of  a  core  of  iron  wires  on  which 
the  primary  of  two  or  three  layers  of  No,  16  or  No.  18  wire  is  wound 
almost  the  full  length  of  the  core,  and  a  secondary  of  many  thousand 
turns  of  very  fine  wire,  such  as  No.  36  or  38  B,  &  S.  gage,  or  even  No.40, 
which  is  dmost  as  fine  as  a  hair.  In  coils  of  the  best  construction, 
this  fine  wire  is  wound  in  pancakes,  or  narrow  sections,  several  of 
which  are  necessary  to  complete  the  secondary.  Their  terminals  are 
connected  in  series  thus  making  practically  a  single  winding.  Heavy 
insulation  is  placed  between  the  primary  and  secondary  windings, 
and  the  containing  case  Is  usually  filled  with  an  insulating  compound, 
melted  into  it  and  becoming  solid  when  cold. 
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Q.    Why  Is  an  induction  coil  termed  a  "step-up"  transformer? 

A.  It  literally  steps  up  or  raises  the  voltage  of  the  current  sent 
through  it.  The  primary  winding  is  connected  to  the  source  of  cur- 
rent and  the  secondary  to  the  spark  plugs  through  the  distributor. 

Q.  Is  the  action  of  the  coil  based  on  the  same  priDciple  as  that 
utilized  in  generators  and  motors? 

A,  The  principle  of  induction,  as  explained  in  Part  I,  is 
the  same  in  all  three,  though  it  is  utilized  in  a  different  manner  in 
the  induction  coil.  Instead  of  a  moving  coil  of  wire  cutting  the  lines 
of  force  of  a  magnet,  impulses  are  produced  either  by  sending  a  pul- 
sating current  through  the  primary  winding  or  by  using  an  alternating 
current. 

Q.    How  is  this  pulsating  current  produced  In  the  primary? 

A.     By  placing  a  vibrator  in  series  with  the  primary  winding. 

Q.    Of  what  does  the  vibrator  consist,  and  how  does  it  act? 

A.  It  consists  of  a  spring-hinged  armature  and  a  pair  of  adjust- 
able contact  points,  exactly  as  in  an  ordinary  electric  bell  or  buzzc-r. 
This  armature  is  located  directly  over  the  end  of  the  core  of  the  coil 
and  close  to  it.  When  a  current  passes  through  the  primary  winding, 
it  makes  the  core  strongly  magnetic  and  attracts  the  armature.  This 
pulls  the  latter  away  from  the  stationary  cwitact  point  and  breaks 
the  circuit,  so  that  the  core  is  no  longer  magnetic.  The  spring 
immediately  pulls  the  armature  back  and  recloses  the  circuit,  thb 
action  taking  place  at  high  speed  as  long  as  the  current  is  on. 

Q.  Why  is  the  vibrator  theoretically  not  necessary  when  an 
alternating  current  is  used? 

A.  The  rise  and  fall  of  the  current  wave,  from  zero  to  maximum 
and  back  again  in  the  reverse  direction,  produces  the  same  effect  of 
magnetizing  and  demagnetizing  the  core  of  the  coil  very  rapidly. 

Q.  Is  the  vibrator  coil  as  rapid  in  action  as  the  induction  coil 
used  with  alternating  current? 

A.  No.  Since  there  is  a  mechanical  as  well  as  an  electric  "lag", 
or  delay.  The  inertia  of  the  armature  must  be  overcome  before  it  can 
be  pulled  down  by  the  core,  and  to  do  this  on  a  vibrator  adjusted  to 
withstand  road  shocks,  the  core  must  become  atUurated,  or  strongly 
magnetic.  The  time  necessary  to  overcome  the  inertia  of  the  anna- 
tore  is  the  mechanical  lag,  while  that  required  for  tb«  cort  to  beccHne 
saturated  is  the  electrical  lag.     In  combination  they  make  the 
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vibrator  coil  very  much  slower  in  action  than  the  other  type,  and 
this  13  greatly  accentuated  by  a  stiff  adjustment  of  the  vibrator 
spring. 

Q.  Why  is  a  vibrator  necessary  with  one  type  of  battery  ignition 
and  not  with  another,  i.e.,  the  soK^led  modem  battery  ignition? 

A.  Owing  to  the  type  of  timer  or  interrupter,  frequently  erro- 
neously termed  the  "commutator",  employed  on  the  two  systems. 

Q.  What  is  the  difference  between  the  old-style  timer  and  the 
modem  interrupter? 

A.  In  the  former,  a  long  contact  is  provided  for  each  cylinder 
and  the  revolving  contact  member  is  in  touch  with  this  for  quite  an 
appreciable  period  of  time,  during  all  of  which  the  vibrator  of  a  coil 
of  that  type  is  in  action.  If  the  contact  member  of  the  timer  were 
depended  upon  to  make  and  break  the  circuit  through  the  coil  to 
obtain  the  spark  in  the  cylinder,  the  stationary  contacts  in  the  housing 
would  have  to  be  very  much  shorter,  and  no  provision  for  advancing 
and  retarding  the  time  of  ignition  would  be  available.  Furthermore, 
the  wiping  contact  of  the  ordinary  style  of  timer  is  not  adaptable  to 
the  extremely  rapid  make-and-break  that  is  necessary  for  this  purpose. 
The  interrupter  of  the  modem  battery  system  is  designed  along 
practically  the  same  lines  as  the  contact  breaker  used  in  the  primary 
circuit  of  a  high-tension  magneto  or  the  only  circuit  used  on  a  low- 
tension  magneto.  Its  parts  are  made  very  small  and  light  and  with 
great  accuracy,  so  that  its  inertia  is  reduced  to  the  minimum  and  it 
will  act  with  extreme  rapidity.  The  gap  is  so  small  and  the  rapidity 
of  action  so  great  that  the  movement  is  often  not  visible  to  the  unaided 
eye.  It  is  practically  a  mechanical  vibrator  designed  to  give  a  single 
make-and-break  at  exactly  the  right  moment  as  compared  with  the 
electrical  vibrator,  which  must  be  started  well  in  advance  of  the 
moment  ignition  is  required,  and  which  continues  in  action  after  the 
spark  has  occurred  in  the  cylinder.  Consequently,  both  the  mechan- 
ical and  the  electrical  lag,  which  make  the  vibrator  coil  comparatively 
slow  in  action,  are  reduced  to  a  minimum,  and  the  amount  of  current 
necessary  is  cut  to  a  fraction  of  that  required  by  the  latter, 

Q.    How  can  the  speed  of  operation  of  a  vibrator  be  judged? 

A.  By  the  note  it  produces  in  action.  A  low  note  well  down 
the  scale  denotes  slow  action;  the  higher  the  note,  or  buzzing,  the  more 
rapid  the  vibrator  is  acting. 
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Q.  What  effect  on  the  ignition  has  the  speed  with  which  the 
vibrator  operates? 

A.  A  slow-moving  vibrator  increases  the  amount  of  lag  and 
retards  the  ignition  accordingly.  This  causes  a  corresponding 
reduction  in  the  power  of  the  engine,  as  the  spark  does  not  occur  at  the 
proper  time  to  give  the  best  efficiency. 

Q.    What  is  a  master  vibrator? 

A.  The  vibrator  type  of  coil  on  a  multi-cylinder  engine  requires 
an  individual  coil  for  each  cylinder,  and  it  is  often  found  difficult  to 
adjust  all  of  the  vibrators  so  that  they  will  act  uniformly.  If  some  are 
stiffer  than  others  they  will  not  act  so  rapidly,  and  the  time  of  explo- 
sion in  the  cylinders  they  control  will  be  delayed,  causing  uneven 
running  of  the  engine.  To  overcome  this,  an  extra  coil  with  a  spe- 
cially made  vibrator  is  connected  in  series  with  the  timer  and  the  other 
coils,  so  that  its  vibrators  acts  for  each  coil  in  turn,  the  vibrators  of 
the  other  coils  either  being  removed  or  screwed  down  hard  so  that 
they  cannot  act.  This  makes  but  one  vibrator  to  adjust,  instead  of 
the  four  on  a  four-cylinder  engine.  As  it  controls  all  of  the  other  coils, 
it  is  known  as  a  master  vibrator, 

Q.    Is  the  vibrator  type  of  coil  still  in  general  use? 

A.     It  has  long  since  become  obsolete  on  all  cars  except  the  Ford. 

Q.  As  the  Ford  magneto  produces  an  alternating  current,  why 
are  vibrator  coils  necessary? 

A.  The  Ford  magneto  has  sixteen  poles,  and  the  armature  which 
serves  as  the  flywheel,  carries  sixteen  coils,  so  that  the  number  of 
alternations  at  the  high  speed  at  which  the  Ford  motor  runs,  is  very 
great.  These  alternations,  or  cycles,  are  so  rapid  that  they  overlap 
each  other,  as  is  evidenced  by  the  steady  burning  of  the  incandescent 
headlights..  The  induction  coil  does  not  act  quickly  enough  to  be 
affected  by  the  change  of  polarity  so  that  a  vibrator  is  necessary  on 
each  coil  to  produce  a  sufficiently  hot  spark  for  ignition. 

Q.  How  can  the  four  vibrators  of  the  Ford  coil  be  adjusted  so  as 
to  operate  uniformly? 

A.  The  fact  that  they  are  not  doing  so,  will  be  evidenced  by 
the  uneven  running  of  the  motor.  Determine,  by  holding  down  the 
vibrators,  cme  after  the  other,  which  cylinder  or  cylinders  are  lagging 
behind  the  others  in  firing.  This  will  cut  out  the  cylinders  in  turn; 
in  fact,  two  may  be  held  down  at  once,  and  the  action  of  the  remaining 
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pair  noted.  When  the  cylinder,  or  cyUnders,  at  fault  have  been 
determined,  adjust  one  at  a  time  by  releasing  the  lock  nut  of  the 
adjusting  screw  of  the  vibrator  and  tinning  it  up  or  down,  according 
to  whether  improvement  in  running  is,  noted,  or  not.  Usually  only  a 
small  fraction  of  a  turn  one  way  or  the  other  will  be  necessary.  Turn 
the  screw  very  slowly  and  very  little  at  a  time  and,  when  the  proper 
adjustment  of  the  screw  has  been  secured,  lock  in  place  again  securely. 
Ordinarily,  the  proper  adjustment  may  be  secured  simply  by  noting 
the  running  of  the  motor.  When  all  the  cylinders  fire  regularly  and 
without  any  apparent  lag,  the  adjustment  is  considered  correct.  To 
secure  a  finer  adjustment,  a  small  portable  ammeter,  reading  by 
tenths  to  three  or  five  amperes,  may  be  used.  Connect  this  in  series 
with  each  one  of  the  coils  in  turn,  and  note  the  reading  at  which  the 
coil  acts  most  rapidly.  The  other  vibrators  may  then  be  adjusted  to 
give  the  same  reading.  When  dry  batteries  were  relied  upon  for 
ignition,  this  test  was  employed  to  reduce  the  current  consumption 
to  the  minimum  but  with  the  excess  supply  of  current  from  the  Ford 
magneto,  this  is  not  necessary,  and  the  vibrators  may  be  adjusted  to 
the  reading  giving  the  most  rapid  action,  regardless  of  the  current 
consumption.  This  test  may  be  employed  also  to  check  the  operation 
of  the  magneto,  as  its  current  output  may  have  fallen  off  to  a  point 
where  it  is  no  longer  sufficient  to  operate  the  coils  satisfactorily. 

Q.  Why  is  a  vibrator  not  necessary  on  the  attemating  current 
generated  by  the  ordinary  type  of  magneto? 

A.  The  latter  has  but  two  field  poles  and  a  single  coil  on  a  two- 
pole  armature,  so  that  its  cycles  are  very  much  fewer  in  number,  and 
there  is  definite  drop  in  the  current,  from  the  maximum  to  an  absolute 
zero,  twice  in  every  revolution.  Assuming  a  speed  of  1200  r.p.m.,  the 
ordinary  magneto  would  be  running  600  r.p.m.,  as  it  is  driven  by  a 
half-tune  shaft  of  the  motor.  This  is  10  revolutions  per  second  times 
2  cycles  per  revolution  which  gives  an  alternating  current  of  but  20 
cycles,  or  one  which  would  cause  an  incandescent  lamp  to  Bicker  very 
badly.  The  Ford  magneto,  on  the  other  hand,  is  directly  on  the 
crankshaft.  Consequently,  it  is  tunung  20  revolutions  per  second, 
and  its  coils  produce  16  cycles  per  revolution,  or  320  cycles  per  second, 
equivalent  to  19,200  cycles  per  minute.  For  ordinarj'  commer- 
cial lighting,  only  60  <^cle3  per  second  are  necessary  to  produce  a 
steady  lij;bt.     The  drop  tn  Kcri  in  the  current  curve  of  the  ordinary 
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magneto  permits  the  core  of  (be  coil  to  become  demagnetized,  and  it 
is  then  remagnetized  by  the  subsequent  rise  to  the  maximum  value 
in  the  other  direction,  so  that  no  vibrator  b  necessary  to  accomplish 
this  alternate  magnetizing  and  demagnetizing  of  the  core  which  b 
needed  to  produce  the  inductive  effect  in  the  coil  or  transformer. 

Q.    How  many  connectioiis  are  there  on  a  coU? 

A.  Three;  one  to  the  primary,  from  the  battery  or  magneto; 
one  from  the  secondary,  to  the  distributor,  in  the  case  of  a  single  coil, 
or  to  the  spark  plug  in  the  case  of  a  multiple  coil;  and  one  to  the 
ground.  The  last  named  is  referred  to  as  a  common-ground  connec- 
tion, as  it  grounds  one  side  of  both  the  primary  and  secondary  wind- 
ings of  the  coil. 

Q.    How  are  these  connections  made? 

A.  On  the  single  non-vibrator  coil,  as  used  with  an  ordinary 
magneto,  by  means  of  wire  cables  from  the  magneto  to  the  primary 
of  the  coil,  from  the  secondary  of  the  latter  to  the  high-tension  dis- 
tributor. In  the  case  of  the  Ford  multiple-vibrator  coils,  each,  coil 
is  an  independent  unit,  having  brass  strap  connections  attached  to  the 
bottom  of  the  coil-unit  case.  These  straps  are  of  spring  brass  and 
they  bear  against  corresponding  plates  of  brass  in  the  bottom  of  the 
coil  box  fastened  to  the  dash.  Simply  lifting  the  coil  unit  out  of 
the  box  breaks  the  connection  and  automatically  remakes  it  when  t^e 
coil  is  replaced.  Due  to  this  type  of  connection,  irregular  firing  of 
the  Ford  motor  will  frequently  be  found  to  result  from  the  cover  of 
the  coil  box  not  being  snapped  down  tightly.  This  permits  the  coil 
units  to  jump  around  in  the  box  owing  to  the  jolting  and  vibration, 
and  every  time  they  are  jolted  up  off  their  connections,  a  cylinder 
fails  to  fire,  as  the  coil  does  not  receive  any  current.  Coils  used  in 
connection  with  modern  battery  systems  are  often  grounded  in  the 
same  manner  as  the  magneto,  i.e.,  by  their  attachment  to  a  plate  on 
the  motor  the  ground  wires  of  the  coil  being  connected  to  thb  plate. 

Q.    When  a  coil  fails  to  operate,  how  can  it  be  tested  for  faults? 

A.  In  the  case  of  the  single  coil,  used  in  connection  with  an  ordi- 
nary magneto,  disconnect  it  and  test  with  the  testing-lamp  outfit 
described  in  connection  with  lighting  and  starting  systems.  Place 
one  of  the  terminals  of  the  testing  set  on  the  common-ground  connec- 
tion, then  place  the  other  in  turn  on  the  primary  and  the  secondary 
leads.    If  the  windings  are  intact,  the  lamp  should  lig^t  each  time. 
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Should  it  fail  to  do  so,  the  covers  of  the  coil  may  be  removed  to  note 
if  a  wire  has  broken  just  beneath  it.  This  is  most  likely  to  be  the  case 
with  the  secondary,  owing  to  the  very  fine  wire  used.  If  there  is 
no  break,  either  at  this  point  or  where  the  primary  lead  is  connected 
to  its  winding,  it  will  be  necessary  to  return  the  coil  to  the  manufac- 
turer as  there  is  an  internal  short-circuit,  which  cannot  be  repaired  in 
the  garage.  The  only  difference  between  the  method  above  outlined 
for  a  single  coil  and  that  of  a  unit-vibrator  coil  as  used  on  the  Ford, 
is  to  touch  the  test  points  to  the  brass  strap  connections  representing 
the  different  windings. 

Q.  Why  is  but  one  coil  used  In  connection  with  an  ordinary 
nu^neto,  while  four  are  employed  on  the  Ford? 

A.  Where  a  single  coil  is  used,  the  secondary  current  is  led  to  a 
distributor  from  which  it  is  again  led  to  the  various  spark  plugs  in  the 
proper  order  of  firing.  No  distributor  is  employed  on  the  Ford,  so 
that  a  vibrator  coil  is  necessary  for  each  cylinder.  The  connecrions 
from  the  coils  to  the  plugs  are  made  in  the  same  order  as  they  would 
be  to  a  distributor. 

Q.  When  a  vibrator  coil  cannot  be  made  to  function  prc^erly 
by  adjusting  the  contact  screw,  what  should  be  done? 

A.  The  contacts  should  be  trued  up  with  a  very  fine  file,  as 
failure  to  function  will  usually  be  caused  by  their  having  become  badly 
burned  away  or  pitted,  thus  making  poor  electrical  contact.  Where 
the  above  is  the  case  and  the  contact  points  are  square  and  true, 
it  is  only  necessary  to  clean  them  by  drawing  a  worn  piece  of  fine 
sandpaper  between  them  several  times,  first  on  one  side  and  then  on  the 
other.  See  that  none  of  the  holding  screws  of  the  vibrator  frame  have 
become  loosened,  and  that  the  lock  nut  of  the  movable  contact  holds 
the  latter  firmly  in  place  when  tightened  up. 

(QNITION  BATTERIES 
Q.    What  types  of  batteries  or  cells  are  used  for  ignition? 

A.  Dry  cells  and  storage  cells,  or  accumulators.  (For  queries 
on  the  latter  see  under  "Battery"  in  Lighting  and  Starting  Section.) 

Q.    What  type  of  cell  is  the  so-called  dry  cell? 

A.  It  is  a  primary  cell,  i.e.,  one  in  which  a  current  of  electricity 
is  generated  by  chemical  reaction,  and  is  technically  known  as  an 
"open-circuit"  battery. 
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Q.    Of  what  does  the  dry  cell  consist,  and  how  much  current 

does  if  generate? 

A.  The  elements  are  the  zinc  container  and  a  carbon  plate  cen- 
trally placed  in  the  container  and  insulated  from  it  at  the  bottom. 
Around  this  carbon  plate,  which  constitutes  the  negative  element 
(the  negative  element  in  a  primary  battery  carries  the  positive  termi- 
nal and  vke  versa),  is  packed  a  depolarizing  agent,  usually  dioxide  of 
manganese.  The  active  solution  is  sal  ammoniac  in  water  which  is 
poured  in  after  the  cell  is  assembled  and  filled  with  the  depolarizer, 
and  then  the  cell  is  sealed  at  the  top  with  pitch,  so  that  it  is  dry  in 
name  only.  No  chemical  action  can  take  place  without  the  presence 
of  moisture. 

A  dry  cell  of  the  ignition  type  generates  a  current  of  20  to  25 
amperes  (when  new)  at  a  potential  of  1  ^  volts. 

Q.    Why  is  a  depolarizing  agent  necessary? 

A.  The  action  of  the  cell  generates  hydrogen  gas,  which  quickly 
covers  the  carbon  plate  in  the  form  of  globules,  rendering  it  inactive. 
The  cell  is  then  said  to  be  polarized,  and  the  current  generated  drops 
off  very  rapidly.  This  may  be  illustrated  by  placing  an  ammeter 
across  the  terminals  of  a  new  cell.  The  ammeter  reading  will  remain 
at  20  amperes  for  a  short  time  and  then  will  quickly  drop  until,  at  the 
end  of  five  minutes,  the  instrument  will  show  scarcely  any  reading  at 
all.  If  the  connection  is  broken  and  the  cell  allowed  to  stand  for  ten 
minutes,  it  will  again  show  almost  as  high  a  reading  as  before;  at  the' 
end  of  an  hour  or  more  of  rest,  it  will  give  practically  the  same  reading. 
The  depolarizing  agent  has  in  the  meantune  absorbed  the  gas  which 
prevented  the  action  ofthe  cell. 

Q.    Why  is  it  termed  an  open-circuit  cell? 

A.  Because  it  will  only  produce  its  normal  output  for  very  short 
periods  and  must  be  allowed  to  rest  between  each  demand  for  current. 
Otherwise,  it  will  quickly  become  polarized  and,  if  tested  in  this  con- 
dition, will  apparently  be  dead.  It  cannot  be  used  where  a  steady 
current  is  required  but  must  normally  stand  on  open  circuit. 

Q.    How  is  the  dry  cell  employed  for  ignition? 

A.  Four  cells  are  connected  in  series  to  give  current  at  6  volts, 
and  a  battery  of  this  type  is  ordinarily  employed,  either  as  an  emer- 
genQ'  stand-by  or  simply  for  starting  purposes.  Where  an  open- 
circuit  type  of  interrupter  is  employed,  such  as  the  Atwater  Kent,  it 
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may  be  used  as  the  main  source  of  ignition  current ;  as  this  interrupter 
makes  instantaneous  contact  only  at  the  moment  the  spark  is 
required  in  the  cylinder,  the  battery  otherwise  being  on  open  circuit. 

Q.    How  can  the  life  of  such  a  battery  be  prolonged? 

A.  By  connecting  two  or  more  sets  of  four  cells  each  in  series- 
multiple,  i.e.,  each  group  of  four  is  connected  in  series  to  give  the 
required  volt^e,  and  the  positire  and  negative  terminab  of  each 
group  are  connected  together.  The  amount  of  current  then  drawn 
bom  eadi  cell  is  only  one-half  what  it  would  be  if  a  single  set  of  cells 
were  employed,  or  one-third  what  it  would  be  where  sets  are  in 
aeries-multiple,  and  so  on. 

Q.  When  a  set  of  four  dry  cells  will  last  a  certain  length  of  time, 
why  is  it  that  addii^  extra  cells  in  series,  for  example,  a  six<ell 
battery,  will  not  last  longer? 

A,  The  amount  of  current  drawn  from  the  cells  when  the  cir- 
cuit is  closed  depends  upon  the  voltage  of  the  entire  series,  and  the 
greater  the  total  voltage  the  larger  the  volume  of  ciurent,  in  accord- 
ance with  Ohm's  law.  Consequently,  the  six-cell  battery  will  not 
last  so  long  as  the  four  on  the  same  service. 

Q.  A^^y  is  it  not  good  practk:e  to  connect  an  old  set  of  four 
cells  in  series-multq>le  with  a  new  four>cell  battery,  or  groups  of 
uneven  numbers  In  the  same  manner,  as  fof  Instance,  three  in  one 
and  four  hi  another? 

A.  The  new  cells  will  have  an  output  of  twice  that  of  the  old 
ones,  so  that  when  the  circuit  is  closed  they  will- discharge  through 
the  latter  until  .the  amperage  of  all  is  equalized.  Where  uneven 
numbers  are  used  in  groups  in  series-multiple  connection,  the  volt- 
age of  the  larger  will  be  superior  to  that  of  the  smaller,  and  a  similar 
action  will  take  place  on  open  circuit  so  that  in  a  short  time  the 
maximum  potential  of  the  battery  will  be  that  of  the  weakest  group. 

Q.  Why  should  one  cell  much  lower  than  the  others  never 
be  bicluded  in  a  dry-cell  battery? 

A.  For  the  reason  just  given  above,  as  well  as  the  fact  that  an 
exhausted  cell  increases  the  resistance  of  the  battery  as  a  whole 
and  decreases  the  current. 

Q.  Why  will  the  dry^:ell  battery  used  on  a  dual  ignit!o^. 
system  not  run  the  engine  satisfactorily  for  any  length  of  time  when 
the  magneto  Is  not  in  proper  woriclng  order?  v_ivn.i^ii. 
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A.  Because  the  interrapter,  or  contact  breaker,  of  the  magneto 
is  of  the  closed-circuit  type,  thus  drawing  current  continuously, 
except  when  the  points  open  to  break  the  circuit  and  induce  a  high- 
tension  current  in  the  secondary  of  the  coil.  In  a  system  of  this  type, 
the  dry  cells  are  intended  only  for  starting  purposes. 

Q.  Why  can  a  modem  battery  system  not  be  used  with  dry 
cells? 

A.  Because  the  interrupter  is  of  the  closed-circuit  type,  similar 
to  that  of  the  magneto,  and  the  demand  for  current  (usually  about  3 
amperes)  is  practically  constant.  It  is  not  so  much  the  amount  of 
current  required  that  affects  the  dry  cells,  as  the  fact  that  they  are 
almost  constantly  on  closed  circuit,  so  that  there  is  no  opportunity 
for  the  depolarizing  agent  to  work.  This  demand  on  the  storage 
.  battery  of  the  starting  and  lighting  system  (usually  of  80-  to  120- 
ampere-hours  capacity)  is  negligible.  At  a  3-ampere  discharge 
rate,  the  larger  battery  when  fully  charged  and  in  good  condition 
would  be  capable  of  giving  practically  forty  hours  of  continuous 
service.  Under  the  same  conditions,  new  dry  cells  would  not  pro- 
vide efficient  ignition  for  more  than  an  hour. 

Q.  Does  the  voltage,  as  well  as  the  anq^erage,  of  the  dry 
cell  fall  off  on  closed  circuit? 

A.  The  voltage  is  affected  very  slightly;  a  cell  that  is  practically 
exhausted  will  show  almost  Ij  volts  so  that  a  voltmeter  test  is  no 
indication  of  the  condition  of  the  cell. 

FORD  [QNITfON  SYSTEM 

While  a  great  many  of  the  causes  of  missing  or  breakdown,  in 
the  ignition  system  covered  by  the  foregoing  queries,  apply  to  a  great 
extent  to  all  cars,  such  as  loose  wires,  short-circuits  and  the  Hke,  the 
Ford  system  is  distinctive.  It  is  based  on  the  same  fundamental 
principles,  of  course,  but  it  has  many  features  not  to  be  found  on 
other  cars  so  that  there  are  causes  of  failure  that  could  never  be 
readily  determined  by  experience  gained  on  other  makes  of  machines, 
though  long  handling  of  ignition  apparatus  would  naturally  be  of 
great  assistance.  In  working  on  the  Ford  ignition  system  it  must  be 
borne  in  mind  that  it  is  a  combination  of  the  old-time  battery  system 
with  a  modem  generator  as  the  source  of  current  supply,  so  that  the 
many  defections  due,  in  the  earlier  days  to  the  dry  battery,  are  now 
lacking. 
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Q.    Of  what  does  the  Ford  ignition  system  consist? 

A.  A  multipolar  alternating-current  generator  (magneto) 
built  integral  with  the  flywheel;  a  primary,  or  low-tension  timer,  in 
which  a  roller  makes  contact  with  the  four  stationary  segments  in 
the  houang;  four  vibrator  coils,  one  for  each  cylinder,  plus  the  usual 
number  of  spark  plugs  and  connections  in  the  primary  and  second- 
ary circuits. 

Q.  Is  the  Ford  ignition  system  efficient  and  reliable,  or  is  it 
advisable  when  much  trouble  is  experienced  with  it  to  replace  tt 
with  any  of  the  numerous  accessories  and  complete  ignition  systems 
that  are  claimed  to  be  improvements? 

A.  While  there  are  many  ignition  systems  the  parts  of  which 
are  made  with  greater  precision,  and  some  in  which  the  design  and 
particularly  the  accessibility  of  the  important  essentials  are  superior, 
experience  has  proved  the  Ford  system  to  be  both  efficient  and 
reliable.  With  proper  care,  there  should  never  be  any  necessity  for 
replacing  it  with  any  system  made  by  an  accessory  manufacturer,  or 
for  adding  to  it  any  one  of  the  legion  of  devices  advertised  as 
improvements  on  it. 

Timer 

Q.  What  are  some  of  the  commoner  causes  of  failure  of  the 
Ford  system? 

A.  One  of  the  most  frequent  is  due  to  the  timer  and  is  caused 
by  failure  to  lubricate  it.  Contrary  to  the  usual  practice,  which  is 
to  prevent  oil  getting  on  the  contacts  of  a  timer  as  it  tends  to  insu- 
late the  latter,  the  Ford  timer  requires  plenty  of  oil,  and  should  be 
lubricated  every  day.  There  is  no  fear  of  giving  it  too  much  oil  as 
the  excess  will  leak  out  of  the  housing;  it  will  continue  to  operate 
satisfactorily  even  though  flooded  with  oil,  while  the  slightest  lack 
of  it  will  cause  trouble. 

Q.    What  is  the  nature  of  the  trouble  caused  by  the  timer? 

A.  If  not  oiled  at  regular  intervals,  it  will  cause  missing  of 
various  cylinders,  and  those  that  do  Are  will  be  late,  as  if  the  ignition 
were  fully  retarded,  so  that  the  motor  develops  very  little  power. 
An  accumulation  of  gummed  oil  and  dirt  wiU  produce  a  ^milar 
result.  The  timer  housing  should  be  taken  off  and  the  ^»ntacts 
cleaned;  the  roller  contact  also  should  be  cleaned  by  squirting  gaso- 
Une  over  it  and  wiping  over  well. 
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Q.    Will  lack  of  oil  have  any  other  result? 

A.  Besides  the  missing,  usually  most  noticeable  at  higher 
speeds,  failure  to  lubricate  will  result  in  very  rapid  wear  of  both  the 
roller  and  its  track  (contacts  in  the  stationary  housing)  so  that  its 
operation  will  soon  become  unsatisfactory,  even  though  subsequently 
kept  oiled. 

Q.  What  are  some  other  causes  of  faulty  operation  of  the 
tinier  (generally  referred  to  as  a  commutator)? 

A.  Weakening  of  the  spring  which  holds  the  roller  against  its 
track  will  cause  missing  at  low  speeds,  while  a  loosening  of  the  spring 
which  holds  the  timer  housing  in  place  is  liable  to  cause  erratic  firing 
at  all  speeds.  This  spring  is  held  by  a  single  cap  screw  passing 
through  the  breather  tube,  which  serves  also  as  an  oil  filler  for  the 
crankcase.  At  its  inner  end  it  has  a  small  boss  which  fits  in  a  cor- 
responding depression  in  the  hub  of  the  timer  housing.  This  is  the 
only  thing  that  holds  the  latter  in  place.  The  loosening  of  this  cap 
screw  is  liable  to  let  the  housing  drop  out  of  place  sufficiently  to  pre- 
vent the  roller  makiag  contact  with  all  of  the  segments. 

Q.  Does  the  weather  have  any  effect  on  the  operation  of  the 
timer? 

A.  Unless  precautions  are  taken  to  lubricate  it  properly,  cold 
weather  will  make  starting  difficult.  This  is  due  to  ordinary  lubri- 
cating oil  becoming  congealed  in  the  housing,  thus,  preventing  the 
roller  from  coming  into  good  contact  with  the  segments.  An  indi- 
cation of  this  sometimes  is  that  the  motor  will  fire  only  on  two  or 
three  cylinders  for  several  minutes  after  being  started  and  will  there- 
after fire  regularly,  the  oil  then  having  become  liquefied  again. 

Q.    How  can  the  timer  be  removed? 

A.  Take  out  cotter  pin  from  end  of  rod  which  attaches  it  to 
the  spark-advance  lever  on  the  steering  column,  and  detach  this  rod. 
Loosen  cap  screw  passing  through  breather  pipe  on  top  of  the  timing 
gear  cover.  This  releases  the  spring  which  holds  the  timer  housing 
in  place,  and  the  latter  can  be  easily  removed.  To  remove  roller 
contact,  unscrew  lock  nut,  withdraw  steel  brush  cap  and  drive  out 
the  retaining  pin.  The  brush  can  then  be  lifted  from  the  cam- 
shaft. In  replacing  it,  care  must  be  taken  not  to  alter  the  timing 
of  the  ignition.  The  upper  contact  of  the  housing  represents  cylinder 
No.  1,  and  the  exhaust  valve  of  that  cylinder  should  be  closed  when 
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the  brush  points  upward.  This  may  be  detennined  by  renioving 
the  valve  mechanism  cover  and  noting  the  operation  of  the  valve 
in  question. 

Q.    If  parts  show  much  wear,  what  should  be  done? 

A.  Replace  them;  as  they  cost  so  little  that  it  is  far  less  expense 
to  put  in  new  parts  than  to  attempt  to  make  old  ones  serve  by 
truing  them  up. 

Q.  When  examination  reveals  gummed  oH  and  the  weather  is 
cold,  what  should  be  done? 

A.  Clean  out  the  housing  and  the  roller-contact  parts  with 
gasoline,  and  use  a  mixture  of  i  kerosene  and  J  lubricating  m\  in  the 
timer,  as  long  as  the  weather  is  cold. 

Q.  What  other  causes  of  trouble  with  the  timer  are  more  or 
.  less  common? 

A.  Short-circuiting  of  the  primary  wires  which  lead  to  the 
timer,  or  the  loosening  of  these  wires  at  the  terminals  on  the  housing. 
The  position  of  the  timer  is  such  that  the  insulation  of  these  wires 
is  subjected  to  considerable  wear  by  reason  of  the  movement  of  the 
housing  in  advancing  and  retarding  the  time  of  ignition.  The  best 
method  of  remedying  this  is  to  replace  the  entire  set  of  primary  wires. 
Vibrator  Coils 

Q.  Is  insular  firing  likely  to  be  caused  by  any  other  pail  of 
the  system  than  the  timer? 

A.  The  vibrators  of  the  induction  coils  may  get  out  of  adjust- 
ment and  cause  either  erratic  firing,  or  missing  of  one  or  more  cylinders 
altogether,  in  case  one  or  more  vibrators  cease  to  operate. 

Q.    How  can  this  be  determined? 

A.  Run  the  motor  slowly  and  watch  the  action  of  the  vibrators; 
diey  should  act  regularly  and  with  the  same  rapidity  in  each  case, 
any  stuttering  or  hesitation  indicating  either  poor  adjustment  or 
points  in  poor  condition. 

Q.  How  can  the  vibrators  be  utilized  to  determine  which 
cylinder  is  missing,  where  the  cause  lies  in  some  part  of  the  system 
other  than  the  vibrators  themselves? 

A.  Hold  one  vibrator  down  at  a  time  with  the  finger;  if  the 
remaining  three  cylinders  fire  regularly,  the  one  represented  by  the 
vibrator  being  held  out  of  action  is  the  one  at  fault.  The  cyUnder 
can  always  be  located  quickly  by  holding  down  each  vibrator  in  turn. 

18.  L,,,..,l„^.-_,.,g,. 
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Q.  When  the  ^linden  do  not  all  fire  regulariy,  but  there  Is 
no  perceptible  difference  between  the  action  of  the  vibrators,  how 
can  the  cylinder,  or  cylinders,  at  fault  be  determined? 

A.  Hold  down  the  vibrators  in  pairs,  taking  first  Nos.  1  and  4, 
and  then  Nos.  2  and  3.  This  will  cause  the  engine  to  run  on  two 
cylinders  at  a  time,  and  any  difference  between  the  operation  of  the 
two  pairs  or  between  members  of  each  pair  will  be  apparent. 

Q.    What  is  the  firing  order  of  the  Ford  motor? 

A.     1-24-3. 

Q.    How  are  the  coil  vibrators  adjusted? 

A.  The  usual  method  is  to  turn  the  adjusting  screw  up  until 
the  vibrator  stops  buzzing;  then  turn  the  screw  down  again  very 
slowly  until  the  points  just  come  together  and  the  firing  of  that 
cylinder  becomes  regular;  then  give  the  screw  an  extra  quarter-turn 
down,  and  lock  in  place. 

In  adjusting  K-W  coils,  it  is  important  to  see  that  the  little 
flat-cushJon  spring  just  underneath  the  vibrator  bridge  works  back 
and  forth  every  time  the  points  make  and  break  contact.  This  can 
be  determined  by  taking  the  coil  tmit  out  of  the  box  and  holding 
the  vibrator  up  to  the  hght;  press  down  the  vibrator  and  observe 
the  action  of  the  cushion  spring.  It  is  important  to  adjust  all  the 
units  ahke  or  the  motor  will  not  develop  its  full  power, 

Q.  What  is  the  effect  of  adjustbig  so  that  the  contact  points 
are  too  far  apart;  too  close  together? 

A.  If  too  far  apart,  the  cylinder  will  not  fire  regularly  or  with 
its  usual  power.  If  too  close  together  the  current  is  likely  to  arc  at 
the  contact  points,  thus  preventing  the  breaking  of  the  circuit  when 
the  armature  is  drawn  down,  burning  the  points  themselves,  and 
sometimes  putting  the  coil  out  of  action  entirely. 

Q.    Does  the  vibrator  adjustment  affect  startii^? 

A.  When  the  points  are  too  close,  more  current  is  required  to 
"make  and  break"  the  contact  between  them,  and  the  motor  must 
be  turned  over  that  much  faster.  For  the  best  adjustment,  the 
points  should  barely  touch.  If  the  adjustment  is  too  light,  they  may 
not  do  this  and  a  miss  at  that  cylinder  will  result. 

Q.    If  the  vibrator  tmzzes  constantly,  what  is  the  trouble? 

A.  There  may  be  a  short-drcuit  at  the  timer  or  in  the  wire 
leading  from  that  coil  to  it,  or  the  coil  itself  may  be  defective.    One 
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of  the  first  symptoms  of  a  defective  coil  is  the  buzzing  of  the  vibra- 
tor, with  no  spark  at  the  plug. 

Q.    How  can  a  defective  coil  be  determined? 

A.  To  make  certain  that  the  cause  is  in  the  coil,  change  the 
location  of  the  units  in  the  coil  box.  If  another  unit  acts  the  same 
when  substituted  for  the  one  giving  trouble,  the  fault  is  not  in  the 
coil  but  in  some  other  part  of  the  system.  Should  the  coil  that  is 
shifted,  however,  act  the  same  in  its  new  location,  and  the  one  that 
takes  its  place  operates  properly,  the  coil  itself  causes  the  trouble. 

Q.  When  there  is  an  unusually  heavy  or  "fat"  bluish  spark 
at  the  contact  points,  what  is  the  cause? 

A.  The  current  may  be  arcing  at  the  points,  due  to  their  being 
adjusted  too  closely;  or  the  condenser  may  have  broken  down.  To 
make  certain  that  the  condenser  has  failed,  disconnect  the  secondary 
cable  from  the  spark  plug  and  hold  the  terminal  about  ^  inch  away 
from  the  metal  end  of  the  plug.  If  the  condenser  has  failed,  the 
spark  occurring  at  thb  gap  will  be  irregular. 

Q.  What  will  happen  if  the  contact  points  are  allowed  to 
become  pitted  and  ragged,  due  to  the  burning  effect  of  the  current? 

A.  They  are  liable  to  stick  together  and  cause  unnecessary 
diflBculty  in  starting  or  occasional  missing  when  running.  They 
should  be  trued  up  with  a  very  fine  fiat  file  or  with  an  old  piece  of  fine 
sandpaper.    Never  use  emery. 

Q.  When  the  vibrator  points  bum  badly  in  a  veiy  short  time, 
what  is  the  cause? 

A.  The  owner  of  the  car  has  probably  replaced  the  original 
vibrators  with  cheaper  substitutes  having  nickel  or  German-ulver 
contact  points.  Nothing  but  platinum  or  platinum-iridium  con- 
tacts will  give  satisfactory  service,  so  that  new  parts  from  the  makers 
should  be  installed. 

Q.  When  the  engine  will  suddenly  It^  and  pound,  what  Is  the 
cause? 

A.  An  intermittent  short-circuit  in  the  wiring  or  at  the  com- 
mutator. The  pounding  is  caused  by  the  premature  explofdon  Of 
the  charge  against  the  rising  piston.  The  vibration  causes  the  short- 
circuit  to  occur  at  some  times,  and  not  at  others,  so  that  the  engine 
will  run  regularly  for  a  few  minutes  and  then  pound  again,  until 
the  movement  once  more  temporarily  eUmlnates  the  cause. 


ELECTRICAL  EQUIPMENT  259 

Q.  With  all  the  vibrators  properly  adjusted  and  the  tinier 
and  wiring  in  good  condition,  what  is  the  cause  of  irregular  firing? 

A.  Provided  the  spark  plugs  are  all  in  good  condition,  points 
not  too  far  apart,  etc.,  this  is  frequently  caused  by  the  top  of  the  coil 
box  coming  loose.  The  coil  units  are  provided  with  brass-strap 
terminals  on  the  bottom  of  the  wooden  casing  of  the  coil,  and  these 
terminab  make  contact  with  similar  straps  in  the  bottom  of  the  coil 
box  on  the  dash.  They  depend  for  good  contact  on  the  pressure 
exerted  by  the  cover  of  the  box,  which  must  always  be  kept  tightly 
snapped  on. 

Q.  When  missing  is  not  traceable  to  any  of  these  causes, 
what  is  likely  to  be  the  cause? 

A.  Something  outside  of  the  ignition  system,  such  as  a  weak- 
valve  spring,  or  a  valve  improperly  seating,  due  to  some  other  cause. 
Loss  of  compression  at  the  cylinder-head  gasket:  run  a  little  lubri- 
cating oil  along  the  edge  of  the  gasket  and  note  whether  bubbles 
appear.  Replace  with  a  new  gasket  if  any  leakage  is  apparent. 
Magneto 

Q.  How  does  the  Ford  magneto  differ  from  the  regulation 
type? 

A.  The  vmgnets  are  revolved  instead  of  the  armature;  it  has 
sixteen  field  poles  and  armature  coils,  and  it  revolves  at  crankshaft 
speed  to  fire  a  four-cylinder  motor.  It  is  not  timed  to  the  motor 
the  same  as  an  ordinary  magneto,  which  is  coupled  to  the  camshaft, 
or  other  half-time  shaft,  and  the  distributor  of  which  must  rotate 
synchronously  with  the  motor. 

Q.    Of  what  does  it  consist? 

A.  Two  discs,  one  carrying  sixteen  magnets  with  their  poles 
pointing  outward,  and  the  other  sixteen  coils  of  strap  copper  on  oval 
cores,  all  of  the  coils  being  connected  in  series.  The  disc  carrying 
the  magnets  is  rotated  by  the  flywheel  to  which  it  is  attached,  whil6 
the  other  disc  is  attached  to  the  crankcase,  and  remains  stationary. 
One  end  of  the  coil  wmding  of  the  magneto  is  grounded  on  the  support- 
ing disc  carrying  the  coils,  while  the  other  is  led  to  a  terminal  which 
extends  through  the  flywheel  housing.  A  cable  from  this  terminal 
or  binding  post,  supplies  current  to  the  coils. 

Q.  Is  it  ever  necessary  to  remagnetize  the  magnets  of  the 
field,  and  how  can  it  be  done?  in  .^  n  ,  v^ivi-'^^n. 
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A.  Unless  they  have  become  demagnetized,  due  to  some  out- 
side influence,  it  is  rarely  necessary  to  touch  the  magnets. 

Q.    How  can  they  become  demagnetized  by  an  outside  force? 

A.  The  attachment,  by  mistake,  of  a  storage  battery  to  the 
magneto  terminal  will  send  a  current  through  the  coil  windings  in 
the  opposite  direction,  and  will  demagnetize  them.  When  this 
happens,  it  is  not  advisable  to  attempt  to  remagnetize  the  old 
magnets,  as  it  is  much  cheaper  and  quicker  to  replace  them.  The 
new  set  is  supplied  mounted  on  a  board  in  exactly  the  position  they 
should  be  installed. 

Q.    How  can  the  magneto  be  dismounted? 

A.  To  do  this,  it  is  necessary  to  remove  the  power  ptant  from 
the  car.  The  radiator  must  be  taken  off  by  discotmecting  its  stay 
rod  and  taking  out  the  two  holding  bolts  at  the  frame,  after 
uncoupling  the  hose  connections.  Remove  the  dash  and  loosen  the 
steering-post  bracket,  fastened  to  the  frame,  permitting  the  dash  and 
steering  gear  to  be  lifted  off  as  a  unit  (wires  having  first  been  dis- 
connected); take  out  bolts,  holding  front  radius  rod  in  socket  under- 
neath the  crankcase;  remove  four  bolts  at  the  wiiversal  joint;  remove 
pans  on  either  side  of  cylinder  casting;  disconnect  feed  pipe  from 
carburetor,  and  exhaust  manifold  from  exhaust  pipe,  by  unscrewing 
large  brass  nut;  remove  the  bolts  which  hold  the  crankcase  arms  to 
the  frame  at  the  side;  then  pass  a  rope  through  the  opening  between 
the  two  middle  cylinders,  and  tie  it  in  a  loose  knot;  through  the  rope 
pass  a  2  by  4  timber  or  a  heavy  iron  pipe  about  ten  feet  long;  with  a 
man  at  each  end  of  this  and  a  third  at  the  starting  crank,  the 
whole  power  plant  can  readily  be  lifted  out;  then  remove  the  crank- 
case  and  transmission  cover,  and  take  out  the  four  cap  screws  that 
hold  the  flywheel  to  the  crankshaft.  This  gives  access  to  every  part 
of  the  magneto  mechanism.  To  take  out  the  old  magnets',  simply 
remove  the  cap  screw  and  bronze  screw  which  holds  each  in  place. 
When  reassembling  the  magneto,  great  care  must  be  taken  to  see 
that  the  disc  or  plate  carrying  the  magnetos  revolves  them  exactly 
1^  inch  of  the  core  faces  of  the  coils. 

Q.  How  can  it  be  determined  whether  the  magnets  are  at 
fault  or  not? 

A.  Whenever  there  is  a  partial  failure  of  the  current,  remove 
the  binding  post  by  taking  out  the  three  screws  which  bold  it  in 
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place.  Clean  out  any  dirt  or  foreign  matter  that  may  have  accumu- 
lated under  the  contact  spring.  If  this  does  not  materially  improve 
the  running,  test  by  comparing  with  battery  ignition.  Comiect 
one  terminal  of  a  six-volt  storage  battery  to  the  battery  terminal 
on  the  coil  box  (a  battery  of  four  or  five  fresh  dry  cells  will  serve 
equally  well  for  a  short  test  run),  and  ground  the  other  terminal  of 
the  battery  on  the  frame  of  the  car,  making  certain  that  good  electrical 
connection  is  made.  Run  the  engine  at  different  speeds  on  the 
magneto,  and,  while  running,  throw  the  switch  over  suddenly  to 
the  battery  point;  any  decided  acceleration  in  the  speed  will  indicate 
that  the  battery  is  supplying  a  much  better  current  for  ignition, 
and  that  the  magneto  is  at  fault.  If  used  for  any  length  of  time  for 
testLQg,  a  dry-cell  battery  will  not  give  equally  accurate  results,  as 
the  cells  are  likely  to  run  down  very  quickly,  and  the  firing  will  then 
be  better  on  the  magneto,  even  though  the  latter  be  weak. 

Q.  When  the  engine  suddenly  fails  to  fire  altogether,  what  Is 
likely  to  be  the  cause? 

A.  The  cable  leading  from  the  binding  post  on  the  magneto 
has  dropped  off,  either  at  the  latter  or  at  the  coil;  or  some  piece  of 
foreign  matter  has  come  between  the  contact  spring  attached  to  the 
binding  post  and  its  contact. 

Q.  When  the  magneto  gradually  gets  weaker  and  weaker  in 
a  car  that  has  seen  a  great  deal  of  service,  ts  It  certain  that  the 
magnets  have  weakened? 

A.  Not  necessarily;  the  adjustment  of  the  bearings  may  be 
permitting  the  disc  carrying  the  magnets  to  revolve  further  away 
from  the  armature  coils  than  intended.  Any  increase  in  this  dis- 
tance, even  though  small,  will  have  a  decided  effect  on  the  output  of 
the  magneto. 

GENERAL  CAUSES  OF  lONITlON  FAILURE 

Q.  When  the  motor  stops  veiy  suddenly  without  any  apparent 
cause,  what  is  likely  to  be  the  cause  of  the  trouble? 

A.  A  break  in  the  current-supply  circuit  of  the  ignition  system, 
or  sudden  failure  of  the  ignition  current,  due  to  any  other  cause. 

Q.    In  how  many  different  ways  may  this  occur? 

A.  A  feed  wire  from  the  battery  may  part  from  its  terminal, 
either  at  the  battery  or  at  the  coil;  the  ground  wire  may  become  dis^ 
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connected  at  either  end;  in  a  dual  system,  the  primary  cable  from  the 
magneto  to  the  coil  may  become  disconnected,  either  at  the  magneto 
or  at  the  coil;  the  secondary  cable  from  the  coil  to  the  magneto 
distributor  may  loosen  and  drop  off,  either  at  the  coil  or  at  the 
magneto;  this  secondary  cable  may  become  grounded  between  the 
coil  and  the  magneto;  the  switch  may  have  loosened  up,  through 
vibration,  and  may  jar  open ;  the  magneto  may  have  become  grounded 
internally,  so  that  no  current  is  delivered  to  the  outside  circuit. 
The  magneto  cam  may  have  loosened  up  on  its  shaft,  so  that  it  no 
longer  revolves  with  the  latter,  and,  consequently,  does  not  open 
the  contact  points  in  the  breaker  box.  The  primary  cable  from  the 
magneto  to  the  coil  may  have  become  grounded  on  the  frame  or 
short-circuited  on  another  cable,  due  to  wear  from  chafing,  thus 
preventing  the  current  from  reaching  the  coil.  In  a  dual  system, 
the  entire  system  may  have  become  grounded  through  the  metal 
of  the  dry  cells  coming  in  contact  with  the  metal  battery  box  or 
other  metal  part  connected  to  the  chassis  of  the  car. 

Q.  Do  the  foregoing  constitute  all  of  the  possible  causes  for 
a  sudden  failure  of  the  ignition  system? 

A.  No  brief  r^sum^  could  possibly  include  all  of  the  causes 
that  may  exist  for  a  stoppage  of  this  kind,  but  they  include  probably 
more  than  90  per  cent  of  all  the  commoner  causes  of  such  a  failure, 
and,  either  as  given  above,  or  in  some  modified  form  of  the  same 
condition,  will  be  found  to  represent  by  far  the  greater  part  of  ali 
the  causes  of  sudden  stoppage. 

Q.  Of  the  causes  given  above,  which  are  the  most  likely,  in 
the  order  of  ttieir  usual  occurrence? 

A.  The  loosening  of  a  battery  connection  at  the  terminal  or 
at  the  coil,  or  of  a  magneto  and  coil  connection  at  either  end;  ground"- 
ing  or  short-circuiting  of  either  the  primary  or  secondary  main 
connection  between  magneto  and  coil,  that  of  the  secondary  being 
more  frequent  owing  to  the  high-tension  current  it  carries.  Ground- 
ing of  the  dry  cells  in  the  battery  box;  loosening  of  the  switch  so  that 
it  jars  open.  With  the  exception  of  tlie  grounding  of  the  .primary 
or  secondary  cable  between  the  magneto  and  the  coil,  all  of  the 
above  are  the  direct  result  of  vibration  and  jarring.  In  old  four- 
cylinder  motors,  vibration  is  constant,  and  at  times  very  severe,  so 
that  attention  should  first  be  directed  to  searching  for  loose  con- 
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nections,  as, unless  tightened  up  at  intervals,  they  are  very  likely 
to  shake  off.  Intemai  grounding  of  the  magneto  or  loosening  of  the 
breaker-box  cam,  so  that  the  interrupter  does  not  operate;  these  are 
rarer  causes  of  trouble,  and  a  search  for  them  should  be  deferred 
until  after  the  commoner  causes  mentioned  above  have  been 
thoroughly  investigated. 

Q.  Where  all  connections  have  been  tightened  up  without 
overcoming  the  trouble,  liow  can  the  other  possible  causes  of  stop- 
page be  eliminated,  in  tracing  the  real  seat  of  the  failure  to  run? 

A.  See  that  the  dry  batteries  of  a  dual  system  are  not  touching 
any  metal;  inspect  the  magneto  breaker  box  while  another'  person 
slowly  turns  the  motor  over  by  hand,  so  that  the  operation  of  the 
interrupter  may  be  noted.  If  working  properly,  disconnect  the 
secondary  cable  from  the  magneto  to  the  coil,  and  with  the  motor 
running,  hold  its  terminal  J  inch  away  from  the  coil  connection. 
In  case  there  is  no  fault  here,  a  bright  spark  will  result  at  the  gap. 
Note  whether  holding  the  cable  away  from  the  motor  has  been 
responsible  and  whether,  when  it  is  dropped  back  on  the  motor  again, 
sparking  occurs  at  any  point  along  its  length  between  the  cable  and 
the  metal  of  the  motor.  Disconnect  the  primary  cable  from  the 
magneto  to  the  coil,  and,  with  the  motor  running,  wipe  its  end  on 
the  primary  terminal  of  the  coil;  sparking  should  result  if  there  is 
no  break  in  the  cable.  Take  the  same  precaution  in  putting  it  back 
as  with  the  secondary  cable  to  see  that  it  is  not  grounding  at  some 
place  along  its  length  where  it  touches  the  motor.  No  visible  spark 
will  be  produced  in  this  case,  but  the  condition  of  the  insulation  of 
the  cable  itself  should  be  the  best  indication  of  this  kind.  Bend 
the  wire  along  its  length  to  detect  any  possible  breaks  in  the  copper 
wire  under  the  insulation.  Disconnect  the  ground  cable  from  the 
coil  to  the  magneto,  and,  while  the  motor  is  running,  hold  it  close 
to  either  the  magneto  or  the  coil  terminal;  a  high-tension  spark  will 
result  if  the  cable  is  all  right.  Note,  while  the  motor  is  running, 
whether  there  is  any  sparking  at  the  safety  gap,  on  the  magneto 
itself,  if  on  the  high-tension  type,  or  on  the  coil  of  a  dual  system. 
Note  whether  the  primary  and  secondary  cables  cross  each  other, 
and  whether  there  is  any  sparking  between  the  two  while  the  motor 
is  running.  Inspect  the  ends  of  all  stranded  cables  carefully,  and 
see  whether  one  or  more  of  the  fine  wires  have  not  broken  through 
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the  insulation  and  become  bent  over,  so  as  to  ground  the  cable  on 
some  adjacent  metal. 

Q.  Is  a  sudden  stopple  of  the  motor  likely  to  be  due  to  any 
cause  other  than  a  faUure  of  the  Ignition  system? 

A.  One  possible  cause  is  the  sudden  and  complete  stoppage  of 
the  carburetor  spray  nozzle,  but,  even  In  this  case,  the  failing  of  the 
motor  will  not  be  so  sudden  nor  so  complete  as  where  the  ignition 
current  has  been  cut  off,  as  the  motor  will  continue  to  fire,  for  a  few 
revolutions  on  what  fuel  mixture  remains  in  the  manifold.  There 
is  practically  no  other  cause  for  the  motor  suddenly  stopping. 

Q.  When,  Instead  of  stopping  completely,  tiie  motor  will  fire 
regularly  for  a  few  minutes,  hitting  on  all  cylinders,  and  then  begins 
to  miss  spasmodically,  how  can  It  be  determined  whether  the  fuel- 
su|q>ly  system  or  the  Ignition  is  at  fault? 

A.  The  tact  that,  under  such  circumstances,  the  motor  will 
fire  regularly  for  a  little  while  and  then  miss  very  badly,  and,  a  few 
minutes  later  again  take  up  its  operation  smoothly,  is  usually  an 
indication  that  the  ignition  system  is  worldng  properly,  but  that  at 
intervals  there  is  a  failure  of  the  fuel  supply.  One  of  the  commonest 
causes  of  this  is  the  exhaustion  of  the  main  supply  of  gasohne  in  the 
tank.  On  the  last  half-^llon  or  so  of  fuel  there  is  no  longer  a  regular 
supply  to  the  carburetor,  with  the  result  that,  with  the  motor  run- 
ning at  speed,  what  gasoline  is  in  the  carburetor  is  practically 
exhausted  in  a  few  minutes.  During  this  period,  however,  the  motor 
will  continue  to  run  regularly.  As  it  lowers  the  level  in  the  car- 
buretor float  chamber,  an  insufficient  supply  is  drawn  through  the 
nozzle  and  the  motor  misses  badly,  and  slows  down  almost  to  the 
stopping  point.  This  permits  a  new  supply  to  fill  the  carburetor, 
and  the  motor  once  more  runs  properly.  It  is  the  extremely  inter- 
mittent nature  of  the  firing,  with  first  one  cylinder  missing  and  then 
another  while  the  carburetor  is  refilling  itself  from  what  little  gaso- 
line remains  in  the  tank,  that  makes  this  appear  very  much  as  if  it 
were  due  to  failure  of  the  ignition.  Under  conditions  such  as  this, 
always  inspect  the  fuel  supply  first.  With  an  ample  supply  of  gaso- 
line in  the  tank,  a  partial  clogging  of  the  spray  nozzle  of  the  carbu- 
retor, due  to  some  obstructions  which  is  intermittently  drawn  up 
into  it  by  the  suction  and  again  drops  back,  will  give  exactly  the  same 
symptoms  of  ignition  trouble. 
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Q.  Are  symptoms  of  this  nature  ever  due  to  a  fault  in  the 
ignition  system? 

A.  They  will  result  at  times  from  the  use  of  a  set  (rf  dry  cells 
that  is  almost  exhausted.  The  storage  battery  also  acts  in  a  similar 
mamier.  Both  the  dry  cell  and  the  storage  battery  recuperate  very 
rapidly  even  when  practically  exhausted,  so  that  they  will  often 
provide  sufficient  current  to  run  the  motor  properly  for  a  very 
short  time,  will  then  cause  it  to  miss  badly,  and  shortly  afterward 
again  run  regularly.  If,  when  the  switch  is  thrown  over  to  the 
magneto,  the  motor  runs  smoothly  and  continuously,  there  is  no 
doublt  that  the  battery  is  at  fault,  and  this  may  be  verified  by  test- 
ing the  cells  with  a  pocket  ammeter.  Should  they  show  much  less 
than  eight  amperes  on  test,  they  are  the  cause  of  tie  trouble  and 
should  be  discarded.  This  may  also  be  due  to  the  use  of  a  storage 
battery  that  is  practically  exhausted,  though  it  would  be  extremely 
bad  practice  to  allow  a  storage  battery  to  get  this  low.  Test  with 
the  voltmeter:  if  the  cells  show  Ij  volts  each  or  less  they  are  badly 
in  need  of  charging,  and  if  they  will  not  run  the  motor  properly, 
should  be  immediately  recharged  from  an  outside  source  of  current. 

Q.    What  is  meant  by  "pre-ignition",  and  what  causes  it? 

A.  When  the  charge  in  the  cylinder  is  ignited  before  the  passing 
of  the  spark  at  the  spark  plug,  it  is  said  to  be  "pre-ignited",  i.e.,  fired 
in  advance  of  the  proper  time.  As  a  result,  the  force  of  the  explosion 
is  partly  exerted  against  the  rising  piston,  as  is  evidenced  by  a 
heavy  pounding  accompanied  by  a  decrease  in  the  power.  The 
cause  is  usually  an  accumulation  of  carbon  in  the  form  of  a  deposit 
on  the  piston  head  and  results  from  excessive  lubrication.  The 
surplus  oil  finds  its  way  into  the  combustion  chamber  and  is  burned. 
This  condition  is  further  aggravated  by  running  with  an  over-rich 
mixture.  If  the  motor  is  allowed  to  run  very  hot,  these  carbon 
deposits  become  incandescent,  so  that  the  fresh  mixture  Is  fired  the 
moment  it  comes  in  contact  with  them.  In  some  cases  this  becomes 
30  bad  that  the  motor  cannot  be  stopped  without  shutting  off  the 
gasoline  supply. 

Q.  How  can  the  pounding  caused  by  pre-ignltion  be  distin- 
guished from  other  Internal  noises,  such  as  those  produced  by  a 
loose  crankshaft  or  crankpin  bearing? 

A.    Pre-ignition  takes  place  only  after  the  motor  has  been 
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running  long  enough  to  become  very  warm  and  with  the  throttle 
opened  to  any  extent  the  pomiding  is  very  violent,  jarring  the  whole 
chassis.  The  noise  produced  is  distinctive  and  can  be  identified 
readily  once  it  has  been  experienced.  Unless  very  loose,  a  bearing 
noise  will  practically  disappear  if  the  motor  is  allowed  to  idle  very 
slowly  and  will  always  increase  in  proportion  to  the  load,  becoming 
very  severe  when  climbing  a  hill. 

Q.    How  can  the  condition  which  causes  it  be  remedied? 

A,  By  removing  the  carbon  deposits.  In  many  late-model 
engines  this  can  be  done  most  readily  by  removing  the  cylinder 
heads,  usually  a  single  casting.  The  carbon  may  be  burned  out 
with  the  oxygen-gas  flame  now  in  common  use  or  it  may  be  loosened 
by  the  use  of  kerosene  in  the  motor.  After  the  motor  has  run  long 
enough  to  become  hot,  shut  off  the  gasoLne  supply  gradually,  mean- 
while feeding  kerosene  through  the  auxiliary-air  inlet  of  the  carbu- 
retor until  the  motor  is  running  on  kerosene  alone;  feed  an  excess  of 
the  latter  and  the  carbon  will  be  loosened  and  blown  out  through 
the  exhaust. 

Q.  When  a  single  cylinder  continues  to  miss  regulariy,  all 
the  others  running  properly,  and  inspection  shows  every  part 
of  the  ignition  system  to  be  in  good  condition,  what  is  likely  to 
be  the  cause? 

A.  Failure  of  its  valves  to  operate  properly.  Either  the  inlet 
or  the  exhaust  valve  is  not  opening,  or  is  sticking  open  (the  result 
will  be  the  same  in  either  case).  This  may  be  caused  by  a  weak 
valve  spring,  a  bent  valve  stem,  derangement  of  the  valve  tapper, 
so  that  it  does  not  strike  the  valve-stem  end,  or  by  a  piece  of  foreign 
matter,  such  as  a  piece  of  carbon,  lodging  on  the  seat  of  the  valve, 
so  that  the  latter  caimot  close.  Another,  though  rarer  cause,  is  a 
leak  in  the  manifold,  close  to  the  inlet  valve  of  the  cylinder  in  question. 
This  permits  an  excessive  amount  of  air  to  be  drawn  into  that  par- 
ticular cylinder,  so  that  the  charge  is  too  weak  to  fire.  In  any  of  the 
above  cases,  the  result  is  that  fuel  either  does  not  get  into  the  cylinder 
or  it  is  exhausted  before  it  can  be  fired,  as  with  every  part  of  the 
ignition  system  working  properly,  the  only  thing  that  can  cause  a 
cylinder  to  miss  is  lack  of  fuel. 

Q.  Mention  one  of  the  causes  of  irregular  firing  that  is  seldom 
suspected,  except  by  those  who  have  experienced  it  previously? 
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A.  Excess  oil  finding  its  way  into  the  combustion  chambers  in 
such  quantities  that  it  covers  the  spark-plug  electrodes,  thus  pre- 
venting a  spark  from  jumping  the  gap.  The  oil,  particularly  when 
fresh,  is  an  excellent  insulator  and,  if  mixed  with  carbon  so  that  it 
conducts  the  high-tension  current,  it  does  so  without  permitting  the- 
formatioD  of  a  spark.  Owing  to  the  viscosity  of  heavy  lubricating 
oil,  it  clings  to  the  spark-plug  points  and  when  they  are  aa  close 
together  as  they  should  be  {ts  inch),  it  will  often  bridge  the  gap  for 
some  time,  despite  the  vibration  and  succeeding  compressions  in  the 
<;ylinder.  This  fault  is  particularly  difficult  to  locate  when  not 
suspected,  as  jolting  over  a  rough  piece  of  road  will  shake  the  plug 
points  free  and  the  engine  will  fire  regularly,  again  missing  inter- 
mittently when  on  smooth  going  once  more.  When  confined  to  one 
cylinder,  it  is  usually  an  indication  that  the  cylinder  wall  is  scored, 
or  that  the  lubricating-oil  feed  to  that  cylinder  is  deranged. 

Q.  Mentioii  a  rare  cause  of  what  a[^)ear$  to  be  ^ition 
failure? 

A.  When  a  motor  has  been  taken  down  and  all  its  working 
parts  thoroughly  cleaned  with  gasoline  or  kerosene,  it  will  sometimes 
be  found  next  to  impossible  to  start  it.  The  explosions  are  very 
weak  and  erratic,  and  the  engine  does  not  generate  sufficient  power 
to  run  more  than  a  few  revolutions  at  a  time.  The  trouble  has  every 
indication  of  being  due  to  a  derangement  of  the  ignition  system  and 
looks  particularly  as  if  it  might  be  faulty  timing,  caused  by  misplacing 
the  spark-plug  leads.  In  one  ease  of  this  kind  experienced  by  the 
writer,  all  the  spark  plugs  and  wiring  were  renewed,  fresh  batteries 
put  in,  and  every  part  of  the  ignition  system  checked  by  three 
experienced  garage  men,  but  the  motor  could  not  be  made  to  run. 
The  trouble  was  finally  overcome  by  taking  out  the  spark  plugs  and 
injecting  two  or  three  ounces  of  the  heaviest  cylinder  oil  into  the 
combustion  chambers.  The  motor  was  old  and  well-worn  so  that 
the  pistons  were  loose;  the  cleaning  process  left  all  these  [wrts  wet 
with  kerosene  and  there  was  enough  of  the  latter  left  m  the  crank- 
case  to  thin  out  the  fresh  lubricating  oil  considerably.  As  a  result 
there  was  no  compression,  and  the  force  developed  by  the  explosion 
was  not  sufficient  to  turn  the  motor  over  for  more  than  a  few  revolu- 
tions; what  little  oil  was  splashed  up  by  this  was  too  thin  to  seal 
the  space  between  the  pistons  and  cylinders  so  that  most  of  the 
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pcnror  {RM»t«d  by  the  weak  explotions  leaked  past  the  plfltOQs. 
Trouble  of  this  oattm  is  most  likely  to  occur  in  old  and  vell-wom 
motors,  and  will  sfimetimes  result  from  excessive  priming  with  gaso- 
line, i.e.,  squirting  gasoline  in  through  the  petcocks  or  spark-plug 
holes,  as  this  washes  all  the  lubricating  oil  from  the  cylinder  walls 
into  the  crankcase  and  thins  the  oil  in  the  latter. 

Q.  When  intermittent  failure  of  the  ignition  is  thougtit  to  be 
due  to  faults  in  the  wirb^  whicli  cannot  be  detected  by  an  ordinary 
examination,  how  can  the  trouble  be  found  most  readily? 

A.  Fit  a  handy  length  of  cable — one  that  will  span  practically 
any  two  points  in  the  ignition  system — ^with  spring-clip  terminals. 
Disconnect  each  wire  in  turn,  and  substitute  for  it  this  length  of 
cable  as  a  temporary  connection;  satisfactory  operation  with  the 
latter  indicates  that  the  wire  it  replaces  is  at  fault. 
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ELECTRICAL  EQUIPMENT  FOR 
GASOLINE  GARS 


ELECTRIC  STARTING  AND  LIQHTINQ 
SYSTEMS 

GENERAL  FEATURES 

Fundamental  Characteristics.  In  the  introduction  to  ele- 
mentary electric  principles,  no  attempt  has  been  made  to  go  beyond 
siniple  theory  as  applied  to  the  generation  of  electric  currents,  the 
operation  of  electric  motors,  circuits  and  the  auxiliary  devices 
required  by  the  lighting  and  starting  systems  employed  on  the 
automobile.  A  very  large  part  of  the  theory  of  electricity  and 
electrical  action  as  given  in  the  majority  of  textbooks  is  omitted 
altogether  for  tiie  sake  of  clearness,  only  that  part  of  it  which  bears 
directly  on  the  subject  of  electrical  equipment  of  the  automobile 
bdng  retained.  In  the  presentation  of  the  latter,  a  somewhat 
different  method  of  handling  the  subject  has  been  followed,  par- 
ticularly with  a  view  to  making  it  appeal  to  the  practical  man  by 
citing  examples  and  comparisons,  the  force  of  which  is  at  once  clear. 
The'  man  whose  time  for  study  is  limited  has  no  opportunity  to  go 
into  all  branches  of  electrical  phenomena,  so  that  the  subject  is 
presented  in  the  briefest  and  most  practical  manner. 

Considering  that  the  practical  application  of  electric  lighting 
on  the  automobile  dates  back  to  1910  only  and  electric  starting  to 
1912  models,  in  which  year  but  one  make,  of  car  was  fitted  with  a 
complete  system  as  regular  equipment,  there  are  a  number  of  differ- 
ent types  in  use.  Each  is  characterized  by  varying  features  of 
de^gn  in  the  generators,  motors,  and  auxiliary  devices.  In  many 
instances  these  are  slight,  in  others  they  are  radical,  but  in  every 
case  th^  merely  represent  a  different  application  of  the  fundamental 
principles^ven  in  the  introduction.  Since  they  must  first  pass  the 
test  of  practical  use  before  being  adopted  by  the  automo^iil^,^^^- 
Sacturer,  they  all  operate  successfully.    But,  that  they  all  do'^not 
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operate  equally  well,  or,  to  put  it  better,  all  do  not  continue  to  ahtm 
the  same  high  degree  of  efficiency  and  reliability  in  service,  goes 
without  saying.  Owing  to  the  lack  of  standardization  that  pre- 
vails, it  is  necessary  to  become  familiar  with  each  system.  A  brief 
analysis  of  each  of  the  systems  in  general  use  accordingly  is  given 
here,  and  it  will  be  found  valuable  for  reference. 

VARIATIONS  OF  OPERATING  UNITS  AND  WIRINQ  PLANS 

PrJDC^l  Differences.  Before  taking  up  the  different  systems 
in  detail,  an  outline  of  the  chief  points  on  which  they  vary  is  given 
as  an  aid  in  distingubhing  them  when  found  in  service  on  the  various 
makes  of  automobiles  of  which  they  form  a  part.  Electrical  sys- 
tems as  a  whole  may  be  divided  into  two  general  classes.  These 
are  the  single-unit  and  the  two-unit  types. 

Single-Unii  Type.  The  first  type  is  characterized  by  the 
employment  of  a  dynamotor — a  single  unit  with  generator  and 
motor  windings  on  the  same  armature  and  fields  connected  to  inde- 
pendent commutators  at  each  end  of  the  armature,  as  in  the  Delco, 
(in  some  models,  two  concentric  commutators  at  the  same  end)  or 
to  the  same  commutator,  as  in  the  Dyneto.  The  single-unit  type 
is  greatly  in  the  minority,  the  two  makes  cited  being  the  chief 
exponents  of  it,  though  both  of  them  are  also  built  in  the  double- 
unit  type  as  well.  When  the  ignition  distributor  is  incorporated  in 
the  generator,  as  is  now  very  generally  the  case,  the  single-unit 
types  incorporate  in  one  machine  the  three  chief  electrical  func- 
tions required  on  the  automobile,  viz,  charging  the  storage  battery, 
turning  the  engine  over  to  start,  and  distributing  the  ignition  cm-rent, 

Two-Unit  Type.  Owing  to  the  difficulty  of  efficiently  com- 
bining in  one  machine  two  functions  so  widely  seprarated  as  the 
generation  of  a  constant  charging  current  of  a  value  rarely  exceed- 
ing 20  amperes,  and  the  utilization  of  currents  up  to  350  amperes, 
such  as  are  required  for  starting,  the  majority  of  systems  are  of  the 
two-unit  type.  The  latter  also  is  generally  favored  owing  to  its 
greater  convenience  of  installation,  as  the  dynamo  must  run  either 
at  motor  speed,  or  at  1 J  times  that,  while  it  is  necessary  to  gear  the 
starting  motor  to  the  engine  in  the  ratio  of  30  or  40  to  1 .  As  the 
term  implies,  an  independent  unit  is  employed  for  keeping  the 
storage  battery  charged,  lighting  the  lamps  (when  running),  and 
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distributiog  the  ignition  current,  while  a  second  unit  is  installed 
solely  for  the  purpose  of  turning  the  gasoline  engine  over  to  start. 

Single-Wire  and  Two-Wire  Systems.  The  difference  between 
these  is  pointed  out  in  detail  In  the  section  on  Wiring  Diagrams) 
Part  IV.  Owing  to  its  greater  aimplitity  of  installation,  reduced 
cost  for  wiring,  and  the  greater  ease  with  which  faults  may  be 
located,  the  single-wire  system  is  lai^ely  in  the  majority.  In  fact, 
there  are  only  one  or  two  examples  of  two-wire  systems  in  general 
use,  of  which  the  Bijur,  as  employed  on  the  Packard,  Jeffery,  and 
other  cars,  may  be  cited  as  an  instance.  In  the  gradual  approach 
to  standardization  that  is  being  made  each  year,  the  number  of 
cars  on  which  the  single-wire  system  is  employed  is  constantly 
increasing.  But  differences  will  be  found  in  these  single-wire  sys- 
tems as  well,  some  employing  the  frame  of  the  car  for  the  positive 
side  of  the  circuit,  and  others  for  the  negative.  This  must  be  home 
in  mind  when  testing  for  faults  with  the  volt-ammeter. 

Comparison  of  Systems.  While  inherently  more  dangerous, 
experience  has  demonstrated  that  the  fire  hazard  with  the  single- 
wire  system  is  more  a  matter  of  proper  installation  than  of  the  com- 
parative merits  of  the  systems  themselves,  and  quite  a  number  of 
manufacturers  who  adopted  the  two-wire  system  at  the  outset  have 
later  become  converts  to  the  single-wire  system.  In  fact,  while  the 
Society  of  Automobile  Engineers  has  not  adopted  the  latter  as 
recommended  practice  up  to  the  present  writing,  although  the  sub- 
ject has  been  under  investigation  for  almost  three  years,  the  major- 
ity of  automobile  makers  have  taken  it  as  their  standard  construc- 
tion, and  it  seems  more  than  likely  that  the  others  will  do  so  before 
long.  Considerations  of  economy  demand  this  on  the  lower-priced 
machines,  as  the  cables  employed  are  so  expensive  as  to  make  a 
substantial  difference  in  the  cost  per  car  for  the  electrical  equipment 
where  the  single-wire  standard  is  employed.  It  does  not  follow 
from  this  that  where  the  maximum  of  safety  and  efficiency  are 
to  be  attained  regardless  of  cost,  the  two-wire  system  is  always 
employed,  as,  after  experiencing  considerable  difficulty  with  it,  the 
makers  of  the  Pierce-Arrow  adopted  the  single-wire  system.  The 
Packard,  on  the  other  hand,  employs  the  double-wire  system,  and 
the  advantages  in  simplicity  of  the  single-wire  may  be  noted  by 
comparing    the    Packard    installation,    as    shown    in    Fig.    144, 
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with  the  Deleo  single-wire  system.  Fig.  145,  which  is  employed  on  a 
great  number  of  cars.    Comparison  cannot  be  made  exactly  on  the 


same  basis  in  these  two  installations,  however,  as  the  Packard  is 
what  is  known  as  a  two-unit  system,  i.e.,  the  generator  and  the 
electric  starting-motor  are  independent,  while  the  Delco  is  a  com- 
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bination  generator,  motor,  and  ignition  unit.     Moreover,  the  Pack- 
ard has  several  additional  lamps,  being  fitted  with  double  bulb 


headlights  and  side  lights,  which  are  not  present  in  the  Deico  installa- 
tion; but  even  omitting  these  considerations,  it  will  be  seen  that  the 
single- wire  system  has  the  advantage  of  simplicity  in  a  marked  degree. 
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METHODS  OF  REGULATION 

Necessity  for  Control  of  Qenerator  Output.  In  the  section  on 
Generator  Principles,  Part  I,  mention  has  been  made  of  the  fact 
that  the  speed  with  which  the  armature  coils  cut  the  lines  of  force 
of  the  magnetic  field  is  the  chief  factor  determining  the  e.m.f.  and, 
in  consequence,  the  current  output  of  the  generator.  This,  in  con- 
nection with  the  heating  effect  of  the  current  due  to  the  resistance 
of  the  conductor,  Hmita  the  amperage  that  the  latter  will  carry 
safely.  Beyond  this  point  the  insulation  will  take  fire  and,  with  a 
further  increase  in  the  temperature  due  to  excessive  current,  the 
conductors  themselves  will  fuse.  With  the  extreme  variation  in 
speed  presented  by  the  operation  of  the  automobile  engine,  the 
necessity  for  regulating  the  output  of  the  generator  will  be  appar- 
ent. There  are  almost  as  many  methods  of  regulation  as  there  are 
•systems  in  use. 

As  explained  in  the  section  on  Induction  Sources  of  Ignition 
Current,  Part  II,  the  magneto  is  an  electric  generator  that  requires 
no  current-controlling  device,  as  the  magnetic  excitation  of  its  fields 
is  permanent.  That  is,  barring  gradual  exhaustion  through  age, 
heat,  and  vibration,  its  magnetic  field  is  constant,  thus  enabling  it 
to  generate  a  current  at  very  low  speeds;  but  the  limitations  of  this 
type  of  field  are  such  that  electromagnetic  fields  are  employed  as 
in  large  direct-current  generators.  These  fields  depend  for  their 
excitation  upon  the  current  derived  from  the  armature  of  the 
machine  itself,  and,  as  the  amount  developed  by  the  latter  increases 
in  direct  proportion  to  its  speed,  the  fields  become  stronger  as  the 
speed  increases  and  correspondingly  more  current  is  generated  by 
the  armature.  As  an  automobile  motor  is  driven  at  a  great  range 
of  speeds,  varying  from  200  or  300  r.p.m.  up  to  2000  to  2500  r.p.m., 
or  even  higher,  and  the  generator  is  usually  geared  in  the  ratio 
1  :li  so  as  to  develop  its  rated  output  at  the  normal  speed  of  the 
engine  —  its  windings  would  be  quickly  burned  out  unless  some 
provision  were  made  to  control  its  output. 

Constant-Current  Qenerator.  Generators  of  the  so-called  con- 
stant-current type  are  frequently  regulated  by  the  winding  alone. 
They  are  usually  compound-wound,  the  series  coil  being  so  con- 
nected as  to  oppose  the  shunt.  Assuming  the  coils  to  be  in  equally 
advantageous  positions  on  the  core,  the  limiting  current  tji?p,^?,we 
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which  gives  the  same  number  of  ampere  turns  to  the  series  coil  as 
to  the  shunt  field.  Thus,  assuming  500  shunt  turns  in  the  winding 
and  a  shunt  current  of  one  ampere,  there  are  500  ampere  turns  in 
the  shunt  winding.  If  there  are  25  turns  in  the  series  winding,  the 
luniting  current  will  be  20  amperes,  500  being  the  product  of  20  by 
25.  With  this  winding  20  amperes  will  be  the  absolute  limit  of  the 
current  regardless  of  speed.  As  a  matter  of  fact,  it  will  be  consid- 
erably lower  than  this  in  practice,  owing  to  the  armature  reaction 
or  counter  e.m.f.  generated. 

Slipping-Clutch  Type.  As  in  every  case  speed  is  the  direct 
cause  of  a  rise  in  the  voltage  or  increase  in  the  current  output,  one 
of  the  methods  available  for  regulating  generators  is  that  of  mechan- 
ically governing  the  speed  at  which  the  generator  runs.    In  the  Gray 
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and  Davis,  which  is  probably  the  most  important  representative  of 
this  type,  a  slipping  clutch  is  used  for  this  purpose.  A  centrifugal 
governor  is  employed,  as  shown  in  the  sectional  view,  Fig.  146. 
The  drive  is  through  a  two-plate  friction  clutch  at  the  left,  the 
plates  of  this  clutch  being  normally  held  in  engagement  by  a  spring. 
The  tension  of  this  spring  is  controlled  by  the  centrifugal  governor 
to  which  it  is  attached  at  the  right-hand  end,  and  it  may  be  adjusted 
to  compensate  for  wear  by  means  of  the  threaded  shaft  and  nut. 
This  clutch  is  set  to  slip  at  a  certain  torque  and,  as  soon  as  the 
current  value  corresponding  to  this  torque  is  attained,  the  clutch 
lets  go,  and  the  current  cannot  exceed  this  limit.  Accordingly,  one 
plate  of  the  clutch  (the  driving  side)  runs  faster  than  the  driven  side 
in  proportion  to  the  difference  in  the  speed  of  the  gasoline  engine 
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and  that  at  which  the  generator  is  designed  to  run,  the  torque  on 
both  sides  of  the  clutch  remaining  the  same  regardless  of  this  differ- 
ence. Ventilation  is  provided  to  carry  off  the  heat  produced  by  the 
slipping  clutch,  the  opening  and  the  arrows  shown  in  the  illustration 
indicating  the  direction  in  which  air  is  drawn  into  and  expelled  from 


Fig.  117.     Del™  Third-Brush  Method  of  Regulation 

the  bousing.  The  generator  is  of  the  compound-wound  type,  and  is 
known  as  a  constant-speed  constant-current  dynamo.  Regulation 
in  this  case  is  by  purely  mechanical  means. 

Inherently  Controlled  Qenerator.    Weatinghome  Type.     A  typi- 
cal example  of  inherent  regulation  is  represented  by  the  WKitingf(0}we 
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generator.  (See  Fig,  1 16,  Part  IIL)  When  the  generator  is  connected 
to  the  battery  by  the  automatic  cut*out,  the  current  rises  rapidly  with 
the  speed  until  a  moderate  value  is  attained.  Current  in  excess  of  this 
value  passes  through  a  compound  series  winding,  the  polarity  of 
which  is  opposite  to  that  of  the  shunt  winding  of  the  fields.  Conse- 
quently it  acta  to  oppose  the  excitation  set  up  ia  the  field  magnets 
by  the  latter  above  a  certain  point.  This  is  known  as  a  "bucking 
coil"  and,  while  it  permits  the  value  of  the  current  generated  to 
increase  slightly  over  the  predetermined  limit  with  a  furtJier  increase 
in  speed,  it  does  not  allow  it  to  reach  an  excessive  amount  at  any 
speed  at  which  the  car  can  be  run.  However,  current  for  the  lights 
does  not  pass  through  this  reversed  compound  field  winding  and, 
when  the  lights  are  turned  on,  the  output  of  the  generator  increases 
automatically  to  supply  them.  With  the  usubl  lamp  equipment, 
this  increase  in  generator  capacity  is  sufficient  to  operate  the  lamps 
without  any  demand  on  the  battery  at  ordinary  running  speeds. 
At  low  speeds  the  battery  supplies  a  certain  proportion  of  the  light- 
ing current,  and  when  the  engine  is  not  running  the  battery  takes 
care  of  the  entire  demand.  When  running  at  night,  all  current  in 
excess  of  that  required  by  the  lights  is  utilized  to  charge  the  battery, 
which  is  thus  said  to  "float"  on  the  line.  During  the  daytime,  the 
entire  output  of  the  generator  is  absorbed  in  charging  the  battery. 
Detco  Third-brush  Excitation.  Another  form  of  inherent  regula- 
tion consists  of  the  use  of  a  special  brush  for  taking  the  current  from 
the  armature  for  the  purpose  of  exciting  the  field.  An  instance  of 
this  is  found  in  the  Delco  two-unit  system  as  built  for  the  Oak- 
land cars  (1916  models).  As  the  generator  is  a  bipolar  type,  there 
are  only  two  brushes  for  leading  the  current  from  the  armature  to 
the  external  circuit,  so  that  the  special  regulating  brush  employed,  as 
illustrated  in  Fig.  147,  is  commonly  referred  to  as  a  "third  brush". 
This  applies  only  to  this  particular  type,  however,  for  if  the  generator 
were  a  multipolar  type  having  four  brushes,  the  regulating  brush  would 
then  be  a  fifth  brush.  The  Delco  generator  is  shunt  wound  but 
differs  from  the  standard  machine  of  that  type  in  that  the  shunt 
winding  is  connected  to  the  third  brush  which  bears  on  the  conunu- 
tator  between  the  other  brushes.  This  method  has  the  advantage 
of  providing  a  strong  shunt  field  at  low  speeds  so  that  the  generator 
commences  charging  while  the  car  is  still  traveling  at  a  very  moder- 
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ate  pace.  As  the  speed  increases  the  voltage  applied  to  the  shunt 
field  is  decreased,  although  the  total  voltage  between  the  main 
brushes  may  have  increased.  This  weakens  the  field  and  prevents 
the  output  of  the  generator  from  increasing  with  the  increased 
speed.  At  the  higher  speeds  it  acts  somewhat  similarly  to  the 
bucking  coil  previously  described,  in  that  it  still  further  weakens  the 
field  and  causes  the  generator  output  to  decrease. 

Boach^Rushmore  Type.  In  the  Bosch-Rushmore  generator, 
inherent  regulation  is  obtained  with  a  bucking-coil  winding  used  in 
conjunction  with  a  so-called  "ballast"  coil,  which  automatically  cuts 
the  bucking  coil  in  or  out  of  the  circuit  according  to  its  resistance, 
Fig.  148.  Advantage  is  taken  of  the  fact 
that  the  electrical  resbtance  of  iron  increases  i 
enormously  after  its  temperature  rises  beyond  |  - 
a  certain  point.  This  ballast  coil  accordingly  ^ 
consists  of  a  few  turns  of  fine  iron  wire  on  a  - 
fiuted  porcelain  rod.  The  bucking  coil,  the 
effect  of  which  is  to  reduce  the  field  excita- 
tion of  the  dynamo,  is  connected  as  a  shunt 
across  the  iron  ballast  coil,  as  shown  in  Fig. 
148.  Its  resistance  is  considerably  greater 
than  that  of  the  ballast  coil  when  the  latter 
is  cold  or  only  warm,  so  that  at  low  engine 
speeds  practically  all  of  the  current  generated 
passes  directly  to  the  battery  and  lamps  and 
the  generator  acts  as  a  single-shunt  dynamo,  j^  „8_  c^^o„Bo«h- 
However,  the  resistance  of  the  iron  wire  in-  ^  """  enerator 
creases  at  a  constant  rate  up  to  about  10  amperes,  after  which  it 
mounts  very  suddenly,  preventing  the  passage  of  any  excess  current, 
which,  accordingly,  must  go  through  the  bucking  coil.  Thus  thelatter 
only  comes  into  action  at  high  speeds,  so  that  the  output  of  the 
dynamo  may  be  adjusted  to  any  value  within  its  capacity  simply 
by  employing  an  iron  wire  of  suitable  diameter  in  the  ballast  coil. 

Independent  Controllers.  The  Ward-Leonard  controller  (con- 
stant-current). Fig.  149,  is  typical  of  the  external  or  independent 
controlling  devices.  In  principle,  this  is  the  same  as  the  Splitdorf 
and  many  others,  the  chief  distinctions  between  the  types  usually 
being  found  in  their  construction.    Referiiug  to  Fig.  149,  the  coil  F, 
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on  the  magnet  core  G,  carries  the  armature  current,  and  when  the 
latter  exceeds  a  certain  value — the  standard  being  generally  about 
10  amperes — the  core  becomes  sufficiently  magnetized  to  attract  the 
finger  H,    This  separates  the  contacts  EE',  and  the  resistance  M 
is  inserted  in  the  field  circuit  and  weakens  it.    The  current  then 
decreases,  but  when  it  drops  to  about  9  amperes,  the  pull  of  the 
magnet  is  not  sufficient  to  overcome  the  tension  of  the  spring  /, 
and  the  contacts  EE'  come  together  again.  >  In  actual  operation, 
the  finger  H  is  kept  vibrating  at  a  rapid  rate.    As  a  result,  the 
dynamo  cannot  charge  the  battery  at  a  rate  in  excess  of  10  amperes, 
regardless  of  the  speed.     At  all  car  speeds  above  a  predetermined 
limit,   usually  15    miles  per 
hour  in  practice,  the  dynamo 
generates  a  substantially  con- 
stant current.    The  regulat- 
ing device  shown  at  the  left 
of  the  figure  is  the  automatic 
cut-out  to  break  the  circuit 
between  the  battery  and  the 
dynamo  when  the  speed   of 
the  latter  falls  below  a  point  at 
which  it  is  no  longer  capable 
of  producing  the  necessary 
voltage  for  charging.     This 
is  referred  to  later. 

All   external    regulators 
re     not   of     the   constant- 
current  type,  however,  as  some  limit  the  voltage. 

Constant-Potential  Generators.  There  is  probably  a  greater 
variation  in  the  methods  employed  to  control  this  type  than  in  the 
constant-current  type.  This  difference  is  in  the  method  rather  than 
the  principle  employed,  as  the  majority  of  such  regulating  devices 
act  to  control  the  potential  by  automatically  inserting  extra  resist- 
ance in  the  field  circuit  or  in  series  with  the  armature.  Quite  a 
number  of  generators  of  this  type  are  fitted  with  a  vibrating  contact 
operated  by  a  magnet  in  much  the  same  manner  as  a  vibrating 
ignition  coil  is  actuated.  The  device  is  either  built  as  a  separate 
unit  or  is  incorporated  as  in  the  Splitdorf  earlier  models.  v_ivn.i'^;ii. 
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"Built-in"  Regulator  Type.  In  the  Splitdorf  generator,  where 
the  armature  is  supported  by  the  usual  ball  bearings,  the  field  poles 
have  extensions  which  carry  windings  for  the  purpose  of  aiding  in  the 
regulation.  Extending  across  these  polar  projections  is  a  "keeper" 
(an  unwound  armature)  held  by  a  spring,  and  in  connection  with 
this  keeper  is  a  second  spring  for  adjusting  the  tension  of  the  first 
spring.  The  circuit  of  the  battery  is  closed  by  the  keeper  being 
drawn  toward  the  pole  tips  under  the  influence  of  their  magnetisna 
when  the  machine  is  running.  The  coils  around  these  polar  exten- 
sions are  wired  in  series  with  the  armature  of  the  generator.  When 
the  current  in  the  armature  reaches  a  certain  predetennined  value, 


Fig,  150,    Section  of  Splildorl  Geneialor  Showing  Controller 

the  keeper  is  drawn  all  the  way  down  and  an  auxiliary  contact  is 
opened  which  cuts  a  resistance  into  the  shunt  winding  of  the  fields, 
and  thus  reduces  the  magnetic  flux  due  to  their  action.  This, 
together  with  the  differential  action  of  the  series  coils  on  the  polar 
extensions,  reduces  the  magnetic  flux  through  the  armature  to  such 
a  value  that  the  current  to  the  battery  does  not  increase  beyond  a 
certain  value,  no  matter  how  fast  the  armature  is  turned.  A  sec- 
tional view  of  the  machine  illustrating  the  details  mentioned  is 
shown  by  Fig.  150.  As  the  speed  diminishes  the  reverse  operation 
of  the  controller  takes  place.  This  generator  is  driven  at  twice  the 
crankshaft  speed  of  the  motor,  and  when  installed  on  a  car  with 
S4-inch  wheels  and  geared  at  3.7  to  1  on  direct  drive,  begins  to 
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charge  the  battery  at  7  miles  per  hour.    The  high-speed  control 
acts  when  the  car  is  running  between  35  and  40  miles  per  hour. 

External  Regvlator  Type.  The  Adlake  generator  is  of  the  con- 
stant-potential type  governed  by  an  external  regulating  device,  the 
details  of  which  are  shown  in  Fig.  151.  While  termed  a  "regulator", 
it  also  incorporates  the 
automatic  battery  cut- 
out and  the  fuses  on  the 
same  base.  This  device 
has  been  in  use  on  Full- 
man  railroad  cars  for  a 
number  of  years,  the  dy- 
namo in  that  case  being 
driven  from  one  of  the 
axlesofthecar.  Theprin- 
ciple  is  that  of  inserting 
added  resistance  in  the 
field  circuit  of  the  dyna- 
mo as  its  output  increases 
in  order  to  maintain  the 
voltage  practically  con- 
stant. Its  operation  is 
made  clear  by  reference 
to  the  diagram,  Fig.  152. 
(j  is  a  solenoid  or  hollow 
electromagnet,  in  the 
opening  of  which  the 
plunger   K  may    move 

Fig.  151.     Adlake  "Regulaloi"  ..      ,,  „,,  .    ,  , 

vertically,  ihe  weight 
of  K  is  counterbalanced  by  N,  a  small  piston  moving  in  the  cyl- 
inder 0,  small  shot  being  put  in  this  piston  until  both  are  in 
equilibrium.  They  are  connected  by  a  chain  passing  over  M.  An 
arm  F,  attached  to  M,  carries  a  movable  contact  designed  to  make 
connection  with  the  various  contacts  of  the  rheostat  C,  thus  put- 
ting in  circuit  a  greater  or  less  number  of  the  German-silver-wire 
resistance  coils  composing  it.  These  coils  are  connected  in  series 
with  the  field  of  the  dynamo,  which  is  a  plain  shunt-wouad 
machine.  ui  i  u,  n,,  v^iv_'i_ivn. 
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In  explanation  of  the  wiring  diagram  for  the  Adlake  regulator, 
Fig.  152,  start  at  terminal  A  of  the  generator;  the  current  flows  to  A\ 
on  the  regulator  and  thence  to  the  fuse  block  o.  It  is  here  the 
shunt-field  circuit  begins.  The  field  current  flows  from  a  through  h 
to  the  rheostat  terminal  c  and  through  a  number  of  the  sections 
of  the  latter,  depending  upon  the  position  of  the  arm  F,  through 
this  arm  and  back  through  d  to  the  fuse  block  e,  thence  through 


the  fuse  to  terminal  Ci  and  from  there  to  the  terminal  C  of  the  gener- 
ator, thence  through  the  two  shunt-field  coils  and  back  to  the  negative 
terminal  B  of  the  generator.  From  B  the  current  flows  through  the 
generator  armature  back  to  A,  thus  completing  the  circuit.  There 
being  only  one  field  windmg,  the  current  always  takes  the  same  path, 
except  that  it  has  to  flow  through  more  or  less  of  the  resistance 
sections  of  the  rheostat,  of  which  there  are  fifteen.  The  path  of  the 
mun  or  chargmg  current  is  from  the  fuse  block  a  to  the  connector 
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/,  and  through  g  Into  the  solenoid  coil  G.  It  leaves  this  coil  through 
h  and  flowa  to  the  contact  block  i,  which  connects  by  the  wire  j  with 
the  stationary  contact  screw  H  of  the  automatic  battery  switch. 
When  the  latter  ia  closed  for  charging,  the  current  flows  across  to  the 
movable  contact  point  /  of  the  switch,  and  thence  through  the  two 
lower  or  series  coils  of  the  automatic  switch  to  the  connector  K. 
From  this  it  flows  to  the  terminal  D  of  the  regulator,  which  is  directly 
connected  with  the  positive  terminal  of  the  battery,  and  the  current, 
after  flowing  through  the  battery,  returns  to  the  negative  terminal 
B  of  the  generator  through  connections  clearly  indicated. 

There  are  a  number  of  variations  in  the  methods  of  regulation 
employed,  as  well  as  some  that  are  not  given  in  the  foregoing  rfeume. 
These  are  explained  in  detail  in  connection  with  the  descriptions  of 
the  different  systems. 

PROTECTIVE  DEVICES 

Various  Forms.  When  fully  charged,  the  storage  battery  holds 
in  chemical  form  the  equivalent  of  two  or  more  horsepower,  i.e., 
40  to  160  amperes  at  6,  12,  or  24  volts,  according  to  the  system 
employed  and  the  capacity  of  the  battery  furnished.  An  accidental 
ground  or  short  circuit  in  the  wiring  system  would  release  all  of  this 
energy  in  a  flash  to  the  great  detriment  of  the  battery  itself  as  well 
as  to  any  of  the  apparatus  or  parts  ot  the  car  that  happened  to  be 
included  in  its  path  or  circuit.  To  guard  against  damage  from  such 
a  cause,  various  forms  of  protective  devices  are  employed,  and  the 
different  systems  vary  as  much  in  this  respect  as  they  do  in  others. 
In  some  instances,  a  circuit  breaker  is  depended  upon  to  take  care 
of  all  the  cireuits.  In  others,  further  protection  is  afforded  by  the 
employment  of  fuses,  as  well  as  a  circuit  breaker.  Fuses  very 
generally  are  employed  to  protect  the  lighting  circuits  as  well  as 
some  of  the  other  circuits. 

Automatic  Battery  Cut-Out.  It  will  be  evident  that,  if  the 
storage  battery  were  at  all  times  in  direct  connection  with  the 
generator,  it  would  immediately  discharge  through  the  latter  as  soon 
as  the  driving  speed  fell  to  a  point  where  the  dynamo  was  no  longer 
producing  sufficient  voltags  to  charge  the  battery.  If  the  generator 
were  free  to  run  instead  of  being  positively  connected  to  the  engine, 
it  would  become  "motorized"  and  operate  as  an  electric  motor  on 
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the  battery  current.  As  it  is  so  connected,  the  battery  current 
would  simply  bum  out  its  windings,  owing  to  the  low  resistance  of 
the  latter  at  low  speeds.  Consequently  it  is  necessary  to  insert  an 
automatic  switch  in  the  circuit  in  order  to  connect  the  battery  with 
the  generator  when  the  speed  of  the  latter  reaches  a  certain  point, 
and  to  disconnect  it  as  soon  as  it  falls  below  that  value.  Such 
switches  are  termed  automatic  cut-outs  or  "reverse-current  relays;" 
In  single-unit  systems,  such  as  the  Dyneto,  no  battery  cut-out  is 
employed.  A  single  hand-operated  switch  controls  both  the  ignition 
and  the  generator-battery  circuits,  so  that  this  switch  is  left  closed  as 
long  as  the  engine  is  running.  Should  the  enguie  stall,  the  battery 
current  automatically  "motorizes"  the  generator  and  re-starts  the 


Fig.  153.    Remy  R^veiwCurnllt  Relay 

engine.  With  such  systems  the  engine  must  not  idle  slowly  and 
the  starting  switch  must  not  be  left  closed  after  the  engine  has  stopped. 

Ward-LeoTiard  Type.  The  Ward-Leonard,  Fig.  149,  is  typical 
in  that  it  clearly  illustrates  the  principles  upon  which  most  of  these 
devices  are  based,  though  their  construction  varies  widely,  as  will  be 
noted  by  Fig.  153.  The  switch  mechanism  ia  shown  at  the  left 
of  Fig.  149.  In  this  device  A  is  the  coil,  B  the  magnet  core,  C 
the  movable  arm,  and  DD  the  contacts.  The  dynamo  generates 
sufficient  voltage  at  a  car  speed  of  approximately  7  miles  per  hour  to 
attract  C  and  hold  it  in  position,  closing  the  battery  circuit  through 
DD'  and  charging  at  any  speed  above  starting  speed. 

Adlake  Type.  In  Fig.  151,  the  automatic  cut-out  switch  is  seen 
at  the  lower  right-hand  corner  of  the  panel.  This  differs  from  the 
usual  types  in  that  it  has  two  shunt  and  two  ser[es  e 
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The  closing  of  the  switch  is  effected  by  the  two  uppwr  or  shunt  coils. 
The  current  Sot  these  coils  follows  the  path  of  the  main  cbai^g 
current  as  far  as  the  stationary  contact  screw  H  of  the  switch,  from 
which  a  connection  leads  to  the  fine  windings  of  the  shunt  coils; 
after  passing  through  these  coils,  it  flows  through  the  wire  I  to  the 
connector  m,  which  is  connected  to  the  terminal  Bi.  Consequently, 
as  soon  as  the  generator  begins  to  pick  up,  current  flows  through 
the  two  upper  or  shunt  coils  of  the  switch,  and  when  the  magnetism 
due  to  this  current  becomes  strong  enough  the  switch  closes.  Cur- 
rent then  flows  into  the  battery  for  charging,  first  passing  through 
the  two  lower  or  series  coils,  which  greatly  increase  the  pressure  at 
the  contact  points  as  long  as  the  charging  current  is  flowing,  and 
insuring  a  positive  interruption  of  the  current  when  the  generator 
voltage  drops  below  that  of  the  battery.  A  powerful  actuating 
foree  is  thus  obtained  with  very  small  magnets. 

Circuit  Breaker.  Circuit  breaker,  as  employed  in  this  connec- 
tion, must  not  be  confused  with  "battery  cut-out".  The  cut-out  is 
literally  a  circuit  breaker  and  is  referred  to  as  such  by  some  manu- 
facturers in  their  instructions,  but  in  electric  terminology,  as 
employed  in  everyday  use,  the  circuit  breaker  and  the  cut-out  are 
entirely  different  things.  A  circuit  breaker  is  designed  to  operate 
only  when  a  current  considerably  in  excess  of  that  for  which  its  cir- 
cuit is  intended  passes  through  it.  Whether  a  protective  device  is 
a  cut-out  or  a  circuit  breaker  may  be  determined  by  the  circuit  in 
which  it  is  placed.  The  cut-out  is  never  employed  in  any  other 
circuit  than  that  of  the  generator  and  battery.  A  detailed  explana- 
tion of  the  cireuit  breaker  is  given  in  connection  with  the  Delco 
system. 

STANDARDIZATION 

Voltage  Standards.  Weight  reduction  is  a  problem  of  the 
greatest  importance  on  the  automobile  and  as  energy  in  the  form  of 
a  lead-plate  storage  battery  is  very  heavy,  the  size  of  the  latter  is 
very  closely  limited.  Power,  however,  depends  not  so  much  upon 
the  amount  of  enei^y  available  as  it  does  upon  the  pressure  at  which 
it  can  be  applied.  Thus,  by  doubling  the  voltage  of  a  storage  bat- 
tery, the  capacity  needed  can  be  reduced  correspondingly.  Where 
only  three  cells  are  employed,  they  must  be  very  much  larger  than 
when  six  are  used,  and  the  cells  of  the  latter  must  be  correspond- 
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ingly  larger  than  those  of  a  9-ceU  or  a  12-ceU  battery.  While 
there  are  a  few  adherents  of  the  higher  voltage  battery  repre- 
sented by  the  systems  in  use  today,  the  majority  favor  the  6-volt 
standard. 

Variation  by  Manufacturers.  A  final  difference  to  be  noted  is 
that  systems  of  totally  different  characteristics  are  turned  out  by 
the  same  manufacturer.  Automobile  motors  are  still  a  long  way 
from  reaching  a  degree  of  standardization  that  permits  them  to  be 
clashed  according  to  horsepower,  dimensions,  number  of  cylin- 
ders, or  any  other  easily  applied  standard  so  far  as  their  require- 
ments from  an  electrical  point  of  view  are  concerned.  The  manu- 
facturer of  electrical  apparatus  accordingly  designs  a  starting  and 
lighting  system  to  meet  the  requirements  of  a  certain  motor  and  it 
will  give  the  most  efficient  service  only  when  applied  to  that  par- 
ticular motor.  This  accounts  for  the  major  part  of  the  great  vari- 
ation in  electrical  systems  that  exists  and  particularly  for  the  differ- 
ence between  the  equipment  of  the  successive  models  of  the  same 
make  of  automobile.  For  that  reason,  it  must  never  be  concluded 
that  a  Delco,  a  Gray  &  Davis,  a  Bijur,  a  Wagner,  or  any  other 
starting  and  lighting  system  is  always  the  same  on  whatever  car  it 
may  be  found.  Automobile  manufacturers  alter  the  characteristics  of 
their  motors  from  year  to  year,  and  the  manufacturer  of  electrical 
apparatus  not  only  keeps  pace  with  this  by  redesigning  his  system 
to  correspond  but  also  introduces  various  improvements  suggested 
by  experience  and  the  development  of  the  art.  In  consequence,  it 
would  be  manifestly  impossible  to  attempt  to  outline  in  detail  the 
features  of  every  starting  and  lighting  system  to  be  found  on  all 
the  cars  now  running,  thousands  of  which  are  three  to  five  years 
old.  The  following  analysis  accordingly  covers  only  those  of  more 
recent  manufacture,  but  by  a  study  of  these  it  will  be  easy  to  become 
familiar  with  the  general  characteristics  of  all,  and  to  note  at  a  glance 
where  improvements  have  been  made  from  year  to  year. 

STARTING  MOTORS 

Speaking  broadly,  there  are  three  classes  of  starting  devices 
worthy  of  mention,  viz,  the  mechanical  or  spring-actuated  devices; 
the  compressed  fluid  devices;  and  the  electrical  starters.  White  still 
employed  to  some  extent  abroad,  compressed  air  and  similar  devices 
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are  now  only  of  historical  interest  here  as  they  have  been  displaced 
almost  entirely  by  the  electric  starter. 

Modem  Electric  Starting  System  Anticipated  Sixteen  Years. 
Although  it  has  only  come  into  general  use  within  the  last  few  years, 
the  possibilities  of  the  electric  starter  on  the  automobile  were  fore- 
seen at  an  early  day.  Those  to  whom  it  has  appeared  as  a  novel 
development  of  very  recent  adoption  will  doubtless  be  surprised  to 
learn  that  a  car  embodying  many  of  the  features  of  present-day 
electrical  systems  was  built  in  1896.  Indeed,  the  following  descrip- 
tion of  it  might  well  apply  to  the  present  U.S.L.  system,  which 
employs  the  flywheel  type  of  dynamotor.  The  machine  in  question 
was  a  Diebl  specially  woimd  Gramme-ring  type  designed  to  operate 
at  12  volts.  The  armature,  which  weighed  111  pounds,  served  as 
the  flywheel  of  a  two-cylinder  horizontal  opposed  6-  by  7-inch 
motor.    The  system  was  described  as  follows: 

"The  flywheel  is  constructed  as  a  dynamo,  which  by  rotary 
motion  charges  a  storage  battery  carried  in  the  vehicle.  At  the  time 
of  starting  the  carriage,  the  motonnan  turns  a  switch  which  dis- 
charges the  storage  battery  through  the  dynamo,  converting  it  for 
a  few  seconds  into  a  motor,  which,  being  upon  the  main  crankshaft, 
gives  rotation  and  does  away  with  the  necessity  of  starting  the  fly- 
wheel by  band.  After  the  motor  gives  the  crankshaft  a  few  turns, 
the  cylinders  take  up  their  work  and  the  battery  is  disconnected 
from  the  dynamo,  which  then  acts  as  a  flywheel. 

"The  flywheel  dynamo  furnishes  the  current  for  the  induction 
coil  of  the  sparking  mechanism  as  well  as  for  the  electric  lamps  at 
night,  thus  doing  away  with  the  necessity  of  going  to  a  charging 
station.  Attached  to  the  crankshaft  is  a  device  for  changing  the 
point  of  ignition  of  the  spark  in  the  combustion  chamber,  perfectly 
controlling  the  point  of  ignition,  acting  as  a  'lead'  and  allowing  the 
motors  to  be  operated  at  a  variable  speed,  according  to  the  work 
done." 

From  thb  it  will  be  seen  that  as  early  as  the  spring  of  1896,  the 
present  complete  electrical  equipment  of  the  automobile,  including 
ignition  with  automatic  spark  advance,  electric  lighting  and  starting, 
was  fully  worked  out  and  applied  to  an  actual  machine.  It  was 
not  until  sixteen  years  later  that  what  had  been  anticipated  at  such 
an  early  day  in  the  history  of  the  automobile  became  accepted 
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practice  in  alt  the  essential  points  mentioned.  In  addition,  the 
machine  in  question  was  provided  with  a  magnetic  clutch  which 
automatically  connected  and  disconnected  the  engine  every  time 
the  gear-shifting  lever  was  moved,  thus  anticipating  the  present-day 
electromagnetically  operated  gearbox. 

Requirements  in  Design,  The  conditions  in  applying  an 
electric  starting  motor  to  the  gasoline  engine  bear  no  relation  what- 
ever to  those  of  the  lighting  dynamo,  so  that  the  problem  is  not,  as 
might  be  supposed,  merely  a  question  of  reversing  the  functions  of  a 
single  unit  of  the  same  characteristics.  Practically  the  only  require- 
ments of  the  dynamo  that  differ  from  standard  practice  in  other 
fields  are  that  it  shall  commence  to  generate  at  a  comparatively  low 
(car)  speed  and  that  its  output  shall  not  exceed  a  safe  limit  no  matter 
how  high  the  speed  at  which  it  is  turned  over.  The  problem  of  the 
starting  motor,  on  the  other  hand,  involves  conditions  which  have 
not  had  to  be  met  in  the  application  of  electric  motors  to  other 
forms  of  service.  For  example,  a  very  high  torque  must  be  devel- 
oped to  overcome  the  inertia  of  the  load,  and  the  latter  takes 
the  form  of  intermittent  rather  than  of  steady  resistance  to  the 
driving  effort,  owing  to  the  alternate  compression  and  expan- 
sion in  the  motor  cylinders.  The  trolley  car  might  be  cited  as 
a  parallel  to  the  heavy  starting  torque  required,  but  the  intermit- 
tent load,  as  well  as  the  highly  important  limitations  of  weight, 
restricted  current  supply,  voltage,  and  space  considerations,  are 
entirely  lacking. 

In  the  last  analysis,  the  electric  starter  is  nothing  more  nor  less 
than  a  storage-battery  starter,  since  most  of  its  limitations  are 
centered  in  that  most  important  essential.  The  matters  of  driving 
mechanism,  starting  speed,  and  other  equally  important  details  can 
all  be  based  on  what  is  either  accepted  practice  of  long  standing  in 
other  fields,  or  on  the  knowledge  of  starting  requirements  gained  in 
the  years  of  experience  in  applying  manual  effort  to  that  end,  but  the 
storage  battery  will  always  constitute  the  chief  limiting  factor. 
This  shoiJd  be  borne  in  mind  in  considering  the  forms  that  various 
solutions  of  the  problem  have  taken,  and,  above  all,  it  must  be 
given  first  consideration  in  the  successful  maintenance  of  any  elec- 
tric starting  system,  as  the  majority  of  troubles  met  with  have  their 
origin  in  the  neglect  of  the  battery.  , 
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Wide  Variation  in  Starting  Speeds.  In  view  of  the  long  experi- 
ence in  hand-cranking  the  motor,  it  would  seem  that  a  definite  basis 
for  the  starting  speed  would  be  an  easy  thing  to  establish,  but  this 
has  not  been  the  case.  If  "motor"  briefly  summed  up  in  one  word 
all  of  the  varying  characteristics  to  be  found  in  the  great  variety  of 
engine  designs  to  which  starters  must  be'applied,  this  might  have 
been  easier  of  accomplishment.  What  suffices  to  start  one  make  is, 
however,  frequently  found  to  be  totally  inadequate  for  others  of 
apparently  identical  characteristics,  so  that  in  the  different  makes  of 
starters  this  essential  ia  found  to  range  all  the  way  from  25  r.p.m, 
to  200  r.p.m.  or  over.  The  necessary  speed  is  largely  influenced  by 
the  carburetion,  as  with  the  stand-by  battery  ignition  almost  univer- 
sally provided,  dependence  need  not  be  placed  on  the  magneto  to 
start;  but  to  draw  a  mixture  from  |the  carbureter  of  a  cold  engine 
calls  for  speeds  in  excess  of  the  lower  limit  of  the  range  ^ven.  The 
most  severe  service  demanded  of  the  starter  and  the  time  when  it  b 
most  needed  are  coincident,  i.e.,  in  winter  use,  and  the  equipment 
must  naturally  be  designed  to  meet  successfully  the  most  unfavor- 
able conditions.  Even  with  starting  speeds  of  100  r.p.m.  or  over, 
it  has  been  found  impossible  to  start  some  motors  without  resort  to 
priming.  Some  idea  of  the  great  variation  in  the  speeds  a^lopted 
will  be  evident  from  the  fact  that  the  North  East  starter,  as  originally 
built,  was  designed  to  turn  the  Marmon  six-cylinder  motor  over  at 
only  25  r.p.m.;  the  Hartford  on  a  similar  motor  at  70  r.p.m.;  the 
Westinghouse,  80  r.p.m.;  Delco,  150  to  175,  and  the  U.S.L.  at  200  or 
over.  These  speeds  are  not  invariable  by  any  means,  as  in  every 
case  the  starting  equipment  is  designed  particularly  for  the  motor 
to  which  it  is  to  be  applied,  and  will  run  at  different  speeds  in  accord- 
ance with  the  requirements  of  the  engine  on  which  it  is  installed. 

Practice  Becoming  StandaTdized.  So  far  as  practice  may  be  said 
to  have  become  standardized  at  the  present  writing,  speeds  of  80  to 
100  r.p.m.  represent  a  close  approach  to  the  average.  One  of  the 
reasons  for  making  the  speed  so  much  higher  than  could  be  effected 
by  hand-cranking  is  the  slowing  down  of  the  motor  as  the  pistons 
reach  the  maximum  compression  point  in  the  cylinders,  while  another 
is  the  necessity  for  drawing  a  charge  of  fuel  from  the  carbureter 
under  the  most  adverse  conditions  so  that  starting  shall  always  be 
accomplished  without  resort  to  priming. 
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Voltage.  When  an  engine  has  been  standing  idle  for  3ome  time 
at  a  temperature  well  below  the  freezing  point,  the  lubricating  oil 
becomes  extremely  viscous  and  the  current  required  for  starting  at 
a  low  voltage  is  very  high.  The  6-volt  standard  inherited  from 
dry-cell-ignition  days  accordingly  appeared  to  be  entirely  too  low 
at  the  outset,  and  several  systems  employing  12-  and  24-volt  bat- 
teries were  developed.  The  higher  efficiency  of  the  latter  in  start- 
ing is  opposed  by  certain  disadvantages  inherent  in  this  type  of 
installation.  Experience  has  shown,  however^  that  with  proper 
installation  and  maintenance  the  6-volt  system  affords  advan- 
tages which  more  than 
offset  any  increase  of 
efficiency  derived  from 
the  use  of  a  higher 
voltage,  and  the  majority 
of  well-known  starting 
systems  are  now  designed 
to  operate  on  a  potential 
of  6  volts. 

Motor  Windings  and 
Poles.  The  necessity  for 
developing  a  powerful 
torque  at  low  speeds 
naturally  calls  for  a 
series-wound  motor,  such 
as  is  employed  in  street- 
railway  and  electric- 
automobile  service,  and  all  starting  motors  are  of  thb  type.  Motors 
built  to  operate  at  such  a  low  voltage  being  new  to  the  electrical 
designer  there  is  more  variation  in  the  form  and  size  of  starting  motors 
than  exists  in  power  units  running  on  current  at  commercial  voltages. 

Standard  Designs.  Briefly  stated,  the  electrical  requirements 
demand  a  concentrated  and  correctly  proportioned  mass  of  iron 
and  copper  in  the  minimum  space.  The  cross-sections,  Fig.  154, 
show  how  these  requirements  have  been  met  in  various  instances. 
As  the  motor  J3  only  required  to  operate  for  very  short  periods,  both 
the  conductors  and  insulation  can  be  kept  down  in  size  as  compared 
with  a  motor  designed  to  run  constantly  under  heavy  load. 
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CommeTcial  Forms.  The  problem  is  to  provide  for  a  certain 
number  of  ampere  turns  around  the  poles  and  a  magnetic  circuit 
through  the  latter,  as  well  as  steel  housing  or  frame  of  sufficient  cross- 
section  to  carry  the  required  degree  of  magnetization  with  the 


Fig.  165.    Section  of  Boaoh-Rushmore  Starting  Motor 

shortest  magnetic  circuit.  Consequently,  shallow  windings  with 
long  flat  pole  pieces  are  more  efficient  than  the  reverse  of  this  form, 
particularly  as  air  space  in  the  magnetic  field  lessens  its  intensity 
and  calls  for  a  heavier  winding  to  magnetize  the  extra  weight  of 
metal  to  the  same  degree.  Hence,  the  type  represented  by  B, 
Fig.  154,  is  the  most  efficient,  in  theory  at  least,  of  the  four  forms 
illustrated. 

Whether  the  windings  be  placed  on  two  poles  or  on  four  poles  is 
something  that  each  designer  decides  according  to  his  own  prefer- 
ence in  the  matter.     The  Bosch-Rushmore  starting  motor.  Fig.  155, 


Fig.  ISS.    Weitinghuiiae  Startiug  Motor 

exemplifies  type  B  referred  to  above,  except  that  it  is  bipolar.  Wind- 
ings and  pole  pieces  of  the  same  tj-pe  are  shown  in  the  Westinghouse 
starting  motor.  Fig.  156,  this  being  patterned  after  form  D  ia 
Fig.  154,  though  it  is  of  somewhat  broader  section.    The  aujdliary 
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unwound  pole  pieces  at  the  sides  do  not  show  very  clearly  in  the 
illustration;  they  are  of  suhstantially  the  same  form,  though  con- 


siderably wider  than  those  illustrated  in  the  section  in  question. 
For  a  more  restricted  space  a  straight  rectangular  bipolar  type  is 
made,  Fig.  157.  From 
the  standpoint  of 
both  electrical  efficiency 
and  space  consider- 
ations, practice  favors 
the  cylindrical  rather 
than  the  rectangular 
form. 

TRANSMISSION  AND 
REGULATION     DEVICES 

Installation.  As  the 
driving  requirements  of 
starting  with  such  a 
small  power  unit  as 
space  and  weight  lim- 
itations make  necessary 
call  for  a  high-speed  motor  and  a  high  gear  ratio  to  effect  the  neces- 
sary speed  reduction,  the  mounting  of  the  starting  motor  is  totally 
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different  from  that  of  the  lighting  dynamo.  The  electric  motor 
runs  at  1800  to  3000  r.p.m.  or  over,  according  to  its  design,  while,  as 
already  mentioned,  the  engine  starting  speeds  usually  average  80  to 
100  r.p.m.  The  great  speed  reduction  required  is  effected  in  the 
majority  of  instances  by  utilizing  the  flywheel  as  the  driven  gear,  a 
gear  being  bolted  to  it,  as  shown  in  Fig.  158,  which  illustrates  the 
application  of  a  Wagner  starter  to  the  Moline-Knight  50  horsepwwer 
four-cylinder  motor.  Or  the  gear  teeth  may  be  cut  directly  in  the 
periphery  of  the  flywheel  itself,  as  shown  by  the  Delco  single-unit 


i^.  1E9.    MouDtinc  of  Delco  SincLe-Unit  System 

system  mounted  on  a  Cartercar  four-cylinder  engine,  Fig.  159.  In 
either  case,  this  does  not  afford  sufficient  reduction  in  the  speed,  and 
an  intermediate  set  of  gears  is  necessary  in  installations  such  as 
those  illustrated.  This  gearing  may  be  mounted  as  an  attachment 
to  the  engine  or  combined  mth  the  starting  motor,  as  shown  in  Fig, 
160,  showing  a  Ward-Leonard  starting  motor  with  enclosed  gearing. 
In  some  instances,  a  planetary  type  of  gear  is  employed,  an  example 
of  which  is  found  in  one  type  of  the  Westinghouse  starting  motors. 
Fig.  161,  the  gearbox  being  incorporated  in  the  motor  housing  and 
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the  pinion  driving  direct.  In  view  of  the  krge  reduction  available 
in  a  planetary  gear,  a  starting  motor  of  this  type  may  be  employed  to 
drive  through  a  camshaft  or 
similar  location.  Planetary 
gears  are  also  utilized  on  some 
of  the  single-unit  systems, 
such  as  the  Northeast,  the 
gear  ratio  used  being  some- 
thing like  40  to  1  when  the 
dynamotor  is  used  for  start- 
ing and  1  to  1^  or  2  when 
running  as  a  generator.  Fig.  j^.  im, 

162.     Silent  chains  are  made 
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use  of  in  some  cases,  but  this  is  done  more  frequently  where  a  start- 
ing and  lighting  system  is  applied  to  an  old  ear  rather  than  to  one 
for  which  it  has  been  es- 
pecially designed.  Where 
the  starting  motor  is  of  a 
comparatively  low-speed 
type,  the  angle  reduc- 
tion between  the  motor 
pinion  and  the  flywheel 
suffices.  Fig.  163  shows 
Fi..  1.1.   w«™,h«j»^Bg«jj^M.»,  »th  H-a.,,    a  Ward-Leonard  Starting 
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motor  designed  for  direct  engagement  with  the  flywheel  gear.  The 
purpose  of  the  spring  shown  on  the  end  of  the  shaft  is  to  pull  the 
pinion  quickly  out  of  engagement  when  the  motor  takes  up  its  cycle, 
as  explained  in  the  following  sections. 

Driving  Connections.     Except  in  the  case  of  the  single-unit  type, 
which  is  in  a  permanent  driving  relation  with  the  engine,  it  is  neces- 
sary to  provide  some  form  of 
driving  connection  with  the 
engine  in  order  that  the  elec- 
tric motor  may  turn  it  over 
to  start,  and  release  it  the 
moment  the  engine  fires.   The 
method  of  accomplishing  this 
is  made  clear  by  a  brief  studj- 
of  Fig.  164,  which  shows  an 
Overland  four-cylinder  motor 
with  an  Auto-Lite  two-unit  system,  the  starting  motor  only  being 
shown.     In  this  installation  the  control  button  or  starting  pedal 
serves  both  to  connect  the  motor  with  the  battery  and  to  engage 
the  driving  pinion  with  the  toothed  ring  of  the  flywheel.     Typical 
examples  of  this  form  of  control  are  found  on  the  Locomobile  and 
Peerless,   which   differ 
only  slightly  in  detail  in 
their  methods  of  install- 
ing the  Gray  and  Davis 
starting  motor.     The 
switch  is  usually  located 
directly  beneath  t)ic 
footboards  just  back  of 
the    dash.     Depressing 
the  pedal  part  way  makes 
preliminary  contact 

FiE.  Ifl4.  Auln-I.ite  Slartinn  Motor  on  Ovurbmi  l':nKine        *l  u 

through  a  resistance, 
turning  the  electric  motor  over  very  slowly,  and  at  the  same 
time  draws  the  starter  pinion  toward  the  flywheel  gear,  its  slow  turn- 
ing insuring  easy  engagement.  As  the  pedal  is  depressed  further,  it 
breaks  the  first  contact  and  closes  the  main  switch,  sending  the  entire' 
battery  current  through  the  starting  motor  and  turning  the  engine 
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over  rapidly.  Releasing  the  pedal  automatically  opens  the  switch 
contacts  and  disengages  the  starting  motor  from  the  flywheel.  It 
is  also  frequently  made  in  the  form  of  a  pedal  and  placed  on  the  slope 
of  the  footboards  under  the  cowl  of  the  dash,  the  location  in  any  case 
being  dictated  by  the  necessity  of  keeping  it  out  of  the  way  of  the 
other  controls  of  the  car. 

Automatic  Engagement.    Auto-Lite  Type.    Fig.  165  illustrates  an 
improvement  on  the  foregoing  method,  which  eliminates  the  neces- 
sity of  mechanically  engaging  tiie  starting  pinion  with  the  flywheel. 
This  is  an  Auto-Lite  generator  on  an  Overland  six  motor.     In  starting, 
the  depression  of  the  pedal  cuts  in  a  resistance  in  the  same  manner, 
at  first,  as  it  would  not 
only  be  unsafe  to   send 
the  full  strength  of  the 
current    through    the 
motor  before  it  picked  up 
the  load,  but  it  would  also 
be  impossible  to  mesh  the 
pinion  at  full  speetj.     In 
this  starting  motor,  the 
pinion  is  cut  on  a  sleeve 
surrounding    the    arma^ 
ture  shaft  of  the  motor, 
and  this  sleeve    is    nor- 
mally held  out  of  engage-  F*.  IBS      Automslic  EnjaKement  and  Release  o[ 

''  "   °  Starting  Motor,  Overland  Engine 

mentbythespringshown. 

On  the  armature  shaft  a  thread  of  coarse  pitch  is  cut  which  engages  the 
inner  surface  of  the  sleeve.  When  the  starting  motor  begins  to  turn 
slowly  as  the  current  from  tlie  battery  enters  it  through  the  resistance, 
centrifugal  force  moves  the  sleeve  with  the  pinion  along  it  toward  the 
right  until  the  latter  meshes  with  the  flywlieel  gear.  As  soon  as  the 
current  is  cut  off,  the  spring  draws  the  pinion  out  of  engagement. 
This  is  known  as  thcBendix  driveandis  rapidlybecoming  standardized. 
Boack-RushTtwre  Type.  Another  form  of  automatic  engage- 
ment, which  is  electrically  operated  in  this  instance,  is  that  of  the 
Bosch-Rushmore  starter.  By  referring  back  to  Fig.  155,  which 
shows  a  section  of  this  starting  motor,  it  will  be  noted  that  there  is  a 
heavy  spring  on  the  left-hand  end  of  the  armature  sha(t^^m(  that 
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the  ai:matiire  itself  is  nonnally  held  out  of  its  usual  running  position 
by  this  spring.  In  other  words,  it  is  not  centered  in  the  armature 
tunnel  but  is  two  inches  or  more  to  the  right  of  the  center  of  the 
magnetic  field.  This  is  just  sufficient  to  keep  the  pinion  out  of 
mesh  when  the  motor  is  installed,  as  shown  in  Fig,  166.  The  first 
contact  of  the  starting  switch  sends  sufficient  current  for  the  field 
poles  to  exert  enough  magnetic  drag  on  the  armature  to  draw  it 
back  into  its  normal  centered  position,  at  the  same  time  turning  it 
over  slowly,  so  that  engagement  is  quickly  effected  automatically'. 
The  moment  the  current  is  shut  off,  the  spring  pushes  tlie  armature 
back  and  disengages  the  pinion.  Exceptions  to  the  practice  reflected 
by  the  foregoing  examples  are  to  be  found  on  cars  like  the  Reo,  in 


Fig.  166.     MaualiDC  ol  Bosch-RiuhniDie  Stsrtiiv  Engiue 

which  the  Rcmy  starting  motor  is  mounted  on  the  transmission  hous- 
ing and  drives  to  one  of  its  shafts  through  a  worm  and  worm  wheel. 
The  latter  lowers  the  speed  sufficiently  through  a  single  reduction,  and 
the  revolution  of  the  armature  in  starting  picks  up  a  clutch  which 
automatically  releases  as  soon  as  the  engine  starts. 

Clutches.  Necessity  for  Disengaging  Device.  To  prevent  the 
gasoline  engine  from  driving  the  starting  motor  when  the  former 
takes  up  its  cycle,  some  form  of  over-running  clutch  must  be  provided 
unless  the  starter  is  geared  directly  to  the  crankshaft  or  has  a  mechani- 
cal disengaging  device,  such  as  the  Bendix  or  electrical,  as  the  Bosch- 
Rushmore  and  Westinghouse,  To  take  care  of  the  speed  reduction, 
assume  that  this  gear  ratio  is  30  to  1  and  thatth^throttl^^^;^lf{i^peii 
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when  the  engine  is  being  cranked.     A3  soon  as  the  explosions  begin  to 
take  place,  the  engine  will  shortly  speed  up  to  about  500  r.p.m. 
Before  the  gasoline  engine  is  started,  however,  the  electric  motor  will  be 
running  pretty  near  its  maximum  rate,  say  3000  r.p.m.    An  electric 
motor  of  this  type  will  run  as  high  as  5000  r.p.m.  safely,  but  speeds  in 
excess  of  this  are  liable  to  damage  it.    If  the  throttle  of  the  engine 
should  happen  to  be  three-quarters  of  the  way  open  when  started  and 
it  should  speed  up  to  1000  r.p.m.  before  the  starting  motor  was  disen- 
gaged, the  armature  shaft  of  the  latter  would  attain  a  speed  of  15,000 
r.p.m,,  which  is  far  beyond  the  safety  limit.     This  makes  it  necessary 
to  provide  some  device  which,  while  permitting  the  starting  motor 
to  drive  the  engine,  will 
prevent  the  latter  from 
driving  the  starting 
motor   as    soon   as    the 
fonner  takes  up  its  regu- 
lar cycle. 

A  number  of  differ- 
ent devices  are  employed 
for  this  purpose,  such  as 
the  jaw  clutch  similar  to 
that    employed    on    all 
handcranks,  roller  clutch , 
friction  clutch,  pawl  and 
ratchet,    inertia    clutch, 
worm  and  worm  wheel, 
and  others.  A  description 
of  one  or  two  types  will  suffice  to  make  clear  the  principle  on  which 
most  of  the  mechanical  devices  are  based.    The  roller  clutch  and.the 
over-running  jaw  clutch  are  most  frequently  used.     With  starters  of 
the  design  of  the  U.S,L.,  shown  on  a  Sheffield-Simplex  (British)  six- 
cylinder  motor  in  Fig.  167,  it  is  obviously  unnecessary  to  provide 
any  form  of  flexible  coupling,  as  the  armature  is  mounted  directly  on 
the  crankshaft  and  consequently  cannot  exceed  the  speed  of  the  latter. 

Where  the  crankshaft  is  driven  direct  through  a  train  of  gears 
or  a  combination  of  gears  and  a  silent  chain,  the  clutch  is  usually 
placed  between  the  last  gear  of  the  train  and  the  crankshaft.  None 
of  the  gears  is  then  in  operation  except  when   starting.     On  the 
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flywheel-gear  type  of  installation  used  in  connection  with  a  second- 
gear  reduction  bj'  means  of  a  countershaft,  Fig.  158,  the  clutch 
is  placed  on  the  countersliaft.  Otherwise,  it  is  mounted  on  the  arma- 
ture shaft.  In  the  case  of  a  worm 
and  worra-wheel  drive,  it  is  incor- 
porated in  the  worm  wheel. 

Roller  Type.  The  roller  type 
is  the  most  commonly  used  and , 
1  as  the  various  forms  in  which  it  is 
'  made  differ  but  little,  a  descrip- 
tion of  one  will  suffice  to  make 
clear  the  principle  employed.  It 
consists  of  an  inner  driving  mem- 
ber and  an  outer  driven  member, 
connected  by  a  number  of  rollers 
when  the  driving  member  is 
rotated  in  one  direction  and  dis- 
"*■  R^nni^^ai^chSflS^^.f^',':;'^''"  connected  when  it  is  rotated  in 
the  oppc5TK  direction,  i.e.,  when 
the  driven  member  tends  to  run  faster  than  the  driver.  Fig.  168 
shows  the  double-roller  over-running  clutch  employed  on  the  North 
East  dynamotor.  A  double  clutch 
is  employed  in  this  case  to  permit 
the  dynamotor  to  be  driven  at 
one  speed  when  operating  as  a 
dynamo  and  at  another  when 
starting  the  engine.  Fig.  169, 
which  shows  the  Leece-N'evilie 
starter  on  a  Haynes  six-cyiinder 
motor,  is  an  example  of  the  use 
of  a  roller  clutch  and  chain  in 
place  of  the  gear  and  pinion  con- 
nection previously  described. 

Back-Kick  Releases.  As  the 
starting  motor  has  more  than 
sufficient  power  to  overcome  a  back-kick  or  premature  explosion 
(with  the  spark-timing  lever  too  far  advanced)  of  the  engine,  and  is 
only  slowed  down  by  it,  only  a  few  instances  of  the  employment  of 
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a  back-kick  release  are  found  in  practice.  One  of  these  on  the 
Northeast  starter  is  in  the  form  of  a  friction  clutch  held  in  contact 
by  springs.  This  clutch  will  slip  under  such  circiunstanees.  A  fric- 
tion disc  clamped  between 
two  steel  discs,  similar  to  a 
shock  absorber,  is  employed 
on  the  Hartford  starter,  this 
being  required  because  of  the 
irreversible  worm  and  worm- 
wheel  drive  used,  as  the  teeth 
of  the  latter  would  be  injured 
in  case  the  engine  "back- 
kicked".  Another  device  em- 
ploys a  brake  band  on  the 
starting  gears  so  designed 
that  it  holds  in  one  direction 
only. 

Switches.  Two  types  of 
switches  are  employed  in 
connection  with  starting  and 
lighting  systems — those  de- 
signed to  control  the  lighting 
circuits  to  the  various  lamps, 
and  those  employed  to  con- 
nect the  battery  with  the 
starting  motor.  As  the  first 
type  seldom  carries  more 
than  5  amperes  at  6  volts 
and  proportionately  less  at 
higher  voltage,  it  does  not 
differ  from  the  standard 
forms  of  switches  employed 
for  house  lighting,  except 
that  it  is  made  much  smaller  '^S:  ^' 
in  size.  The  starting  switch,  ^"^  "^"'  b™bi^'^r ^R^»^%\oa' <.w„tiZi^^) 
on  the  other  hand,  has  to  carry  currents  ranging  from  50  to  250 
amperes  or  more  at  voltages  varying  from  6  to  24,  so  that  such  a 
switch  must  be  well   built  mechanically  and  have  liberal  contact 
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areas.  On  account  of  the  heavy  currents  handled  by  these  switches 
there  is  a  tendency  to  destructive  arcing  at  the  contact  points  unless 
provision  is  made  to  prevent  it. 

WesHnghouae  Starting  Switch.  For  starting  use,  two  forms  of 
switches  are  employed  according  to  the  method  by  which  the  motor 
starts  the  engine.  Where  the  motor  is  connected  directly  to  the  bat- 
tery terminals  by  the  switch,  as  in  the  case  of  single-unit  systems  such 
as  the  Delco,  only  a  single  set  of  contacts  is  necessary;  but  in  case 
gears  must  be  engaged  before  the  starting  motor  can  take  the  full 
battery  current,  two  progressively  operated  sets  of  contacts  are  used. 
The  first  set  completes  the  circuit  through  a  heavy  resistance  to  turn 
the  starting  motor  over  very  slowly,  and  the  second  set  cuts  out  this 
resistance,  the  driving  gears  then  being  engaged.  The  operation 
of  a  switch  of  this  type  is  graphically  illustrated  by  a  series  of  sketches, 


Hg,  171.     Details  of  WesCinghouae  Switch 

Fig.  170,  showing  a  Westinghouse  starter  installation.  In  sketch  ^1, 
both  contacts  are  open,  the  return  spring  holding  them  apart.  When 
the  starting  pedal  is  partly  depressed,  as  in  sketch  B,  the  first  set  of 
contacts  P  come  together  and  current  from  the  battery  passes  to  the 
starting  motor  through  the  resistance  R.  This  connection  continues 
through  the  spring  fingers  P  and  PI  until  the  sliding  member  is  almost 
in  contact  with  the  main-switch  points  Q,  when  it  is  broken  and  the 
circuit  is  directly  closed  with  the  battery  by  a  butt  contact.  The 
operation  only  requires  a  fraction  of  the  time  necessary  to  describe  it. 
The  moment  the  foot  is  removed  from  the  starting  pedal,  the  return 
spring  automatically  breaks  the  circuit.  The  construction  of  this 
switch  is  shown  in  Fig.  17L  Switches  of  this  type  are  usually 
mounted  directly  under  the  footboards,  a  slight  movement  being 
sufficient  to  close  the  contacts.    The  starting  plug  may  be  removed  by 
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the  driver  when  leaving  the  car  to  prevent  tampering,  a  pin  across 
the  tube  making  it  impossible  to  insert  a  pencil  or  stick.    The  resist- 
ance mentioned  is  in  the  form  of 
a  ribbon  and  is  incorporated  in 
the  switch. 

Miscellaneous  Starting 
Switckss.  The  type  of  switch 
used  in  connection  with  the  Remy 
system  is  shown  in  Fig.  172. 
Both  this  and  the  Westinghouse 
switch  described  are  known  as 
butt-contact  switches.  The  knife 
type  of  switch  is  also  employed  in 
several  systems,  Fig.  173  showing 
the  Dean  switch  of  this  class.  A 
somewhat  unique  form  of  contact 
is  shown  in  the  Gray  and  Davis 
switch,  Fig.  174,  There  being  no 
starting  gears  to  mesh,  it  is  only 
necessary   to   turn   the    current 

directly  from  the  battery  into  the  ^'*  "^    ^'"*'  ^'""'''*  ®'^*''' 

motor  to  start,  P  is  the  foot  button  of  the  starter,  F  the  floorboard 
of  the  car,  and  T  and  M  the  terminals  of  the  switch  from  which  cables 
are  led  to  one  side  of  the  battery  and  to  one  of  the  motor  brushes,  the 
others  being  grounded,  as  this  is  a  single-wire  system.     Into  the  cast 
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receptacle  of  the  switch  is  fitted  an  insulating  disc  carrying  the  con- 
tacts C  and  0  and  also  serving  to  insulate  the  terminals.  These  con- 
tacts are  circular  in  form,  and  their  free  ends  are  turned  away  from 
each  other  so  as  to  slip  down  over  the  knives  R  and  S  set  in  the  insu- 
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lated  disc.  The  contacts  are  pressed  downward  by  P,  which  is 
returned  by  the  spring  G  pressing  against  the  spindle  P.  The  termi- 
nals T  and  M  are  fastened  to  the  semicircular  knives  R  and  S,  respect- 
ively, so  that  bringing  down  the  contacts  C  and  0  upon  these  knives 
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compIeteB  the  circuit  from  T  to  M.  Numerous  other  forms  of  foot- 
operated  switches  are  also  employed,  the  Gray  and  Davis  laminated 
contact  switch,  Pig.  175,  for  flywheel-gear  installations,  and  the  Ward- 
Leonard  "harpoon"  type,  Fig.  176,  being  representative  examples. 


Electrically  Operated  Switches.  In  this  type  a  conventional 
push-button  switch,  either  on  tlie  dash  or  mounted  on  the  steering 
column,  as  shown  in  Figs.  177  and  178,  which  illustrate  the  Packard 
and  Overland  control,  respectively,  takes  the  place  of  the  foot  button. 
This  push-button  switch,  however,  only  handles  a  shunt  current  of 
low  value,  which  energizes  a  solenoid  to  close  the  contacts  of  the  main 
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switch  and  also  to  engage  the  gears  where  this  is  necessary.  The 
Westinghnuse  magnetically  operated  switch  is  explained  in  detail 
in  connection  with  the  description 
of  that  system.  This  form  of 
coDtrol  is  employed  on  electric- 
railway  trains  and  on  electric 
automobiles.  In  addition  to 
housing  the  push-button  switch 
of  the  starting  system,  the  two 
steering  column  control  units 
mentioned  also  incorporate  all  the 
switches  necessary  to  control  the 
entire  electrical  equipment  of  the 
car,  as  will  be  noted  by  the  indi- 
cations alongside  the  various  but- 
tons on  the  Overland  controller. 
A  complete  wiring  diagram  of 
the  Packard  six-cylinder  con- 
troller is  shown  in  Fig.  144. 

Where   a   higher    potential 
than  the  usual  6-volt  standard  is 

employed,  the  switch  hasanother         flk.  no.  ward-i^onard 'Harpoon" 
function,  which  is  that  of  chang-  "  '"*  "^"' ' 

ing  the  battery  connections  from  the  multiple  arrangement  used  for 
lighting  to  the  series  connection  necessary  to  send  the  full  voltage  and 
current  of  the  battery 
through  the  starting 
motor.  This  is  the  case 
with  the  U.S.L,  system, 
which  is  made  in  either 
12— 6-voltor24— 12-volt 
forms. 

Fuses.  Standard 
practice  favors  the  em- 
plojinent  of  fuses  on 
all  the  lighting  circuits 
to    protect    the   battery 

PiB.  177.     Psckard  Eleolri™!  Control  in    CaSC    of    short-CirCuitS 
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Fib.  its.     Overland  FJertiiial  Control 


in  any  of  the  wiring.  They  were  originally  considered  unnecessary 
on  two- wire  systems,  but  have  since  been  adopted  on  the  latter  as  well 
as  on  the  single-wire  system.  Such  fuses  are  of  the  cartridge  type 
of  miniature  size,  as  shown  in  Fig.  179,  which  represents  a  Westing- 
house  fuse  block,  and  do  not 
produce  a  flash  when  they 
blow,  which  is  a  safety  fea- 
ture of  importance  in  the 
presence  of  gasoline.  The 
appearance  of  a  black  spot 
on  the  label  indicates  that 
the  fuse  has  burned  out,  or 
these  fuses  may  be  had  in 
glass  tubes  through  which 
the  fuse  wire  is  visible. 

A  double  reading  am- 
meter, mounted  on  the  dash  and  illuminated  at  night  by  a  hooded 
lamp,  shows  whether  current  is  being  sent  into  the  battery  or  being 
taken  out  of  it,  the  needle  usually  moving  over  a  scale  to  the  right 
of  the  neutral  line  for  charging  and  to  the  left  for  discharging.  Fig. 
180.  This  dash  lamp  is  usually  connected  in  series  with  the  tail  hunp, 
so  that  when  it  goes  out  it  is  an 
indication  that  the  tail  lamp  is 
out  as  well.  A  voltmeter  some- 
times is  provided  to  indicate  the 
condition  of  the  batter^'.  In  the 
Bosch  s,\-stem,  thb  is  combined 
with  the  lighting  switches,  as 
shown  in  Fig.  181. 

In  some  systems,   an  indi- 
cator is  employed  instead  of  an 
anmieter.  a  mov'able  target  ap- 
[tearing  at  a  small  opening  in  the 
instrument  aud  simply  reading 
"Off"  and  ■"On"  or  "CharjR'"  and  "Discharge".    Such  an  instrument 
neeil  not  be  so  accurate  as  an  amnieter  and  is  more  durable.    These 
indicators  never  csmie  into  g^nentl  use,  however,  and  will  be  found 
■ompaRitively  few  cars,  usually  models  of  two  or  three  jieais  s^. 
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Electric  Horns.    The  use  of  a  storage  battery  which  is  of  suffi- 
cient capacity  for  starting  purposes  and  which  is  kept  constantly 
charged  by  the  Hghting  generator  has  made  it  possible  to  employ 
numerous  auxiliary  electrical  devices.    The  electrical  horn  is  the 
chief  of  these,  and  it  has  to  a  very  large 
extent  displaced    warning    devices  of 
every  other  class.    Two  different  types 
of  electric  horns  are  used,  in  both  of 
which  the  sound  is  produced  by  the 
vibrations  of   a  sheet-metal  diaphragm 
several  inches  in  diameter.   ~The  only 
difference  between  the  two  forms  lies  in 
the  method  of  causing  this  diaphragm 

to  vibrate,  one  employing  a  small  elec-  fsk-  'so.   Gray  and  d»™ 

trie  motor  and  the  other  a  simple  electric 

magnet.  Fig.  182,  which  is  a  phantom  view  of  the  operating 
mechanism  of  a  Klaxon  horn,  shows  the  first  type.  On  the  upper 
end  of  the  armature  shaft  of  the  electric  motor  is  fastened  a 
toothed  wheel  which  strikes  the   button  in  the  center  of  the  dla- 


Fi«.  182.    Fhutom 


phragm  and  sets  it  vibrating  at  th*?  rate  of  several  thousand 
times  per  minute,  giving  rise  to  the  raucous  squawk  which  has  come 
to  be  identified  with  automobile  warning  signals.  As  shown  in 
Fig.  183,  which  illustrates  a  section  of  the  Apollo  horn,  this  type  is 
nothing  more  nor  less  than  an  ordinary  buzzer  on  an  enlarged  scale. 
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The  armature  of  the  electromagnet  vibrates  at  higli  speed  produc- 
ing a  sound  by  taps  on  the  rod  attached  to  the  diaphragm. 

Care  of  the  Electric  Horn.  As  the  operation  of  the  electric  horn 
is  based  upon  exactly  the  same  principles  as  the  essentials  of  the  start- 
ing and  lighting  systems,  the  instructions  given  for  the  care  and  adjust- 
ment of  the  latter  will  apply  to  it  as  well.  In  the  case  of  tlie  motor- 
driven  type  of  horn,  the  commutator  and  brushes  of  the  motor  will 
require  attention  from  time  to  time.  Failure  to  operate  may  be  due 
to  a  broken  connection  at  the  horn  or  at  the  battery;  ground  in  the 
circuit  between  it  and  the  battery;  brushes  not  bearing  properly  on 
the  commutator;  or  an  excess  of  oil  and  dirt  on  the  latter.  If  the 
motor  runs  properly,  but  the  horn  produces  either  no  sound  or  a  verj' 
weak  sound,  the  trouble  will  be  due  to  the  poor  contact  of  the  toothed 
wheel  with  the  button  on  the  diaphragm.    This  button  is  made 


glass  hard  to  obviate  wear  at  that  point,  but,  in  time,  replacement  of 
either  the  button  or  the  toothed  wheel  or  of  both  may  be  necessary. 
The  attention  required  by  the  vibrating  type  of  horn,  of  which 
there  are  many  thousands  m  use,  is  very  similar  to  that  described 
for  the  battery  cut-out  and  the  voltage  regulator.  The  contact 
points  will  require  cleaning,  truing  up,  and  adjustment  at  intervals, 
and  the  spring  may  also  need  occasional  attention.  Failure  to 
operate  may  be  caused  by  a  loose  connection  or  break  in  the  circuit, 
or  by  a  lack  of  adjustment  which  causes  the  contacts  to  be  held 
apart  so  that  no  current  can  pass  through  the  wmding  of  the 
electromagnet.  A  weak  sound  from  this  horn  will  result  either 
from  insufficient  current  or  from  lack  of  adjustment.    '^^*"~'^V- 
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LiaHTINO 

For  automobUe  headlights,  side  lamps,  tail  lamps,  and  general 
illumination,  electric  lighting  has  superseded  all  other  systems.  In 
the  best  electric-lighting  systems  the  current  is  supplied  by  a  dynamo 
driven  constantly  by  the  engine,  with  a  storage  battery  auxiliary. 

Incandescent  Lamps.  Tungsten  and  Other  Filaments.  Incan- 
descent lamps  are  usually  provided  with  tungsten  filaments.  These 
filaments  are  much  shorter  and  much  stronger  than  in  standard 
lamps,  a  condition  that  is  further  contributed  to  by  the  necessities 
of  low  voltage  and  high  amperage,  which  require  short  and  thick 
rather  than  long  and  thin  filaments.  A  good  tungsten  lamp  will 
afford  1  candle  power  of  illumination  for  each  1.2  watts  of  current. 

Mazda  Type.  Pig.  184  shows  the  standard  types  of  lamps  gen- 
erally used.  These  are  Westinghouse  Mazda  lamps  for  6  volts, 
those  at  the  left  being  15  c.p.  headlight  lamps;  the  next  two,  6  c.p. 


'^  ^  t 


Vit-  184.     Westinghouse  Lampa— Hestl,  Side,  and  TbU 

side-light  lamps;  and  the  smallest  one  is  a  2  c.p,  size  designed  for  the 
tail  light,  meter  light,  and  for  interior  lighting  of  closed  cars.  At  6 
volts,  the  15  c.p.  lamps  require  2.5  amperes,  the  6  c.p,  side  lights  1,25 
amperes,  or  where  4  c.p.  lamps  are  employed — a  better  size  for  the 
purpose — .85  ampere;  the  2  c.p.  lamps  take  .42  ampere.  The  larger 
lamps  have  the  filament  in  the  form  of  a  spiral  coil  occupying  the 
minimum  space  so  that  the  whole  source  of  light  can  be  placed  at 
the  exact  focus  fwlnt  of  the  paraboloidal  reflector. 

Bosch  Type.  Fig.  185  shows  the  Bosch  lamps,  which  are  of 
special  form.  The  hewlllght  lamp  at  the  right  is  of  25  c.p.  and  has 
the  filament  stretclied  horizontally  across  wire  supports,  while  the 
side  lamps  of  8  c.p.  have  a  loop  of  corrugated  wire,  and  the  tail  lamp, 
of  tubular  form,  a  single  filament  running  straight  across  it.  Tail 
lamps  are  usually  in  series  with  the  instrument  lamp  so  that  failure 
of  'he  latter  to  light  also  indicates  a  failure  of  the  tail  lamp. 
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Lamp  Voltages.  When  Edison  was  asked  how  he  came  to 
hit  upon  110  volts  as  the  standard  for  incandescent  lighting, 
he  said   he  "just   guessed    it".    Evidently    the    6-volt  standard 


Fie,  186.    Boarh  T)pe  AuWmobile  IncandeBceat  Bulbe 

came  about  in  pretty  much  the  same  way.     It  is  not  practicable 

to  operate  small  lamps  at  a  high  voltage,  as  the  lamp  of  that  type 

requires  a  long  slender  filament.     Many  manufacturers  of  starting 

apparatus  have  deemed  it  necessary  to  employ  a  higher  voltage,  but 

the  lamps  are  usually  run  at  6  volts,  so  that 

the   batteries    employed  are    accordingly 

some  multiple  of  3,  as  6,  9,  or  12  ceils, 

giving  6,  12, 18,  or  24  volts.     Where  more 

than  three  cells  are  used,  this  necessitates 

operating  the  lamps  from  a  part  of   the 

I  battery,  which  is  not  advantageous,  as  it 

involves  discharging  the  battery  unevenly. 

As  a  battery  capable  of  delivering  current 

at  12  volts  weighs  and  costs  about  35  per 

cent  more  than  one  giving  current  at  6  volts 

and  the  attention  required  is  greater,  the 

Fig.  188,   TypiTBi  Electric        lower  voltagc  is  generally  favored. 

utuioo  le   e    i(  t  Lighting  Batteries.    The  only  type  of 

batteries  suitable  for  electric  lighting — except  for  very  small  tail 
lamps,  which  can  be  successfully  kept  in  operation  by  dry  cells — are 
storage  batteries  of  the  lead  types,  as  described  in  Part  VIII. 
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Reflectors.  Much  attention  has  been  directed  to  the  problem  of 
defining  the  beat  type  of  reflectors  for  automobile  headlights,  and  the 
conditions  of  lighting  by  acetylene 
gas  have  been  determined  to  be 
very  different  from  those  involved 
when  electric  lighting  is  used. 

Parabolic  Type.  A  typical 
electric  headlight  for  automobile 
use  is  that  illustrated  in  Fig.  186. 
The  plain  form  affords  a  mini- 
mum tendency  to  catch  dirt  and 
mud  and  greatly  simplifies  clean- 
ing. The  position  of  the  lamp 
is  adjusted  to  give,  correct  focus, 
as  this  is  essential  to  give  a 
properly  projected  beam  of  light 
ahead  on  the  road. 

Comparmm  of  PaToboUc  with 
Lens  Type.  The  reflector  in  the 
foregoing  lamp  is  of  the  deeply 
parabolic  metal  type,  illustrated 
in  Fig.  187.  The  advantage  of 
this  type  of  reflector  is  that  it 
intercepts  a  much  larger  propor- 
tion of  the  light  rays  from  the 
lamp  than  the  lens-mirror  type  of 
reflector.  Fig.  188. 

Types  for  Various  Locations. 
Fig,  189  -a,  -6,  -c,  -d,  and  -e  show 
the  usual  types  of  lamps  em- 
ployed. These  are,  in  the  order 
given,  an  outside  side  lamp,  flush- 
type  side  lamp,  two  types  of  elec- 
tric tail  lamps,  and  a  cowl  or  dash 
lamp  for  illuminating  the  instru- 
ments, such  as  the  ammeter,  oil  Fie  iss.  MamiD  Lbdb  ReSectoc 
telltale,  and  the  like.  Fig,  189-/  shows  a  magnetic  trouble-hunting 
lamp,  the  base  of  which  attaches  itself  to  any  metal  part  of  the  chassis. 
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Headlight  Glare.    The  increased  efficiency  of  electric  headlights 
has  brought  with  it,  in  far  more  aggravated  degree,  the  blinding 


Fie.  180.     Typ«  at  Side.  Dash,  Tail,  and  Trouble-Huntjog  lAmpa 

glare  first  experienced  with  the  acetylene  lamps.  Originally,  strong 
headlights  bothered  pedestrians;  but  since  the  introduction  of  electric 
lighting,  they  have  been  objected 
to  most  strongly  by  automo- 
bilists  themselves,  because  to 
the  driver  of  an  automobile,  the 
blinding  glare  from  the  headlights 
of  an  approaching  car  means 
not  only  annoyance  but  danger, 
Acuteness  of  vision  is  wholly 
destroyed  for  a  period  of  thirty 
seconds  or  more  during  which 
only  a  slow-down  to  a  walking 
pace  will  insure  absolute  safety  to 
Fig.  190,  TjT*ofH««uiKMDimmiDga«iwh  jj^^  automobiHst,  as  a  pedestrian 
or  the  usual  black  and   lampless  buggy  are  practically  iit^isible. 
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Dimming  Devices.  Owing  to  the  fact  that  glare  and  illumina- 
tion are  so  closely  related  and  that  there  is  no  objection  to  glare  on 
deserted  country  roads  where  the  necessity  for  road  illumination  is 
greatest,  permanently  dimmed  lights  are  naturallv  not  practicable. 

-o-i 


What  is  required  is  a  device  under  the  control  of  the  driver,  so 
that  either  the  full  illuminating  power  of  the  head  lamps  or  a  subdued 
or  dispersed  light,  free  from  glare,  may  be  had  as  required. 

A  great  many  fundamentally  difTerent  devices  have  been  offered 
as  a  solution  of  the  problem.     While  differing  radically,  practically 


HeuUighti 


all  of  them  may  be  classed  under  two  heads,  i.e.,  electrical  and 
mechanical. 

Electrical  Demces.  One  of  the  simplest  of  this  class  that  has  met 
with  considerable  favor  is  nothing  more  nor  less  than  a  resistance 
that  may  be  inserted  in  the  circuit  of  the  headlights  by  turning  a 
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small  switch,  mounted  either  on  the  steering  wheel  or  in  some  other 
easily  accessible  location.  This  cuts  the  voltage  down  and  causes 
the  lamp>s  to  burn  a  dull  red,  instead  of  the  filaments  being  the  daz- 
zling white  reached  at  full  incandescence.  A  dimmer  of  this  type  is 
shown  in  Fig.  190.  An  equally  simple  and  practical  device  is  a  switch 
to  throw  the  headlights  into  series  for  a  dim  light  and  back  into  par- 
allel again  when  full  illumination  is  desired.  With  the  series  connec- 
tion, the  current  must  pass  through  both  lamps  successively  and  each 
bulb  thus  receives  but  half  the  voltage  and,  as  even  a  comparatively 


Fie.  193.     Section 


Fig.  194.    JeEfery  Double  fllamt 


slight  drop  in  voltage  causes  the  efficiency  of  an  incandescent  lamp  to 
fall  off  very  markedly,  the  same  result  is  attained.  It  is  equivalent 
to  burning  a  6-volt  lamp  on  a  3-volt  current.  With  the  normal,  or 
parallel,  connection,  the  current  flows  through  each  lamp  separately, 
and  both  receive  the  full  voltage  of  the  battery  so  that  they  burn  at 
full  brilliance.  A  switch  of  this  kind  is  marketed  by  the  Cutler- 
Hammer  Company.  Fig.  191  illustrates  the  connections  for  parallel 
arrangement,  or  full  illumination,  switches  D  and  B  being  closed  and 
the  button  A  pulled  out  to  make  C  contact  with  its  lower  set  of 
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connections.  Fig,  192  shows  the  connections  for  series  burning, 
effected  by  pulling  out  button  B  and  pushing  in  A,  this  closing 
switch  E,  opening  D,  and  contacting  C  with  the  upper  connections. 

The  use  of  two  bulbs  in  each  headiight  is  also  commonly  resorted 
to,  the  method  of  effecting  this  being  shown  in  Fig.  193.  The  second 
bulb  is  of  the  size  ordinarily  employed  for  side  lights  and  is,  moreover, 
entirely  out  of  the  focus  of  the  reflector,  so  that  the  diminished  light 
produced  is  entirely  without  glare  and  is  mostly  diverted  downward. 

A  similar  end  is  attained  by  the  use  of  two  filavients  in  the  same 
bulb,  as  shown  in  Fig.  194.  The  lower  filament  in  this  case  is 
employed  for  full  illumination,  and  the  upper,  which  is  out  of  focus, 
for  the  dimmed  light.  This  has  the  disadvantage  that  the  burning 
out  of  either  one  of  the  filaments  makes  it  necessary  to  replace  the 
lamp,  while  both  filaments  also  require  the  same  amount  of  current. 

PRACTICAL  ANALYSIS  OF  TYPES 
EXPLANATION  OF  WIRING  DIAGRAMS 

Significance  of  Symbols.  To  be  successful  in  'running  down 
the  cause  of  defection  in  a  starting  and  lighting  system  on  a  car 
involves,  first  of  all,  a  knowledge  of  the  most  likely  places  to  seek  the 
trouble..  Unless  the  trouble  is  very  apparent  or  becomes  so  upon 
making  the  simplest  tests,  a  process  of  elimination  must  be  carried 
out,  and,  to  do  this  with  any  degree  of  system,  the  trouble  hunter 
must  be  perfectly  familiar  with  wiring  systems  in  general.  To  the 
uninitiated,  wiring  diagrams  are  nothing  more  than  a  jumble  of  lines, 
queer  figures,  and  confusing  signs.  Familiarity  with  these  signs,  in 
consequence,  is  the  first  thing  to  achieve.  Their  direct  bearing  upon 
the  varying  relation  of  the  essentials  described  in  the  introductory 
on  Electrical  Principles,  Part  I,  will  at  once  be  apparent. 

Current  Direction.  The  plus  and  minus,  or  positive  and  nega- 
tive signs,  +  positive,  —  negative,  scarcely  call  for  any  extended 
explanation.  They  indicate  the  direction  in  which  the  current 
flows.  It  is  of  the  utmost  importance,  where  the  manufacturers' 
directions  are  to  connect  certain  apparatus  with  a  given  wire  to  the 
plus,  or  positive,  side,  and  another  wire  to  the  negative,  that  these 
instructions  be  followed  explicitly.  Otherwise,  the  apparatus  either 
will  refuse  to  work  or  it  may  be  damaged,  as  in  the  case  of  a  storage 
battery  on  which  the  connections  have  been  reversed.    Wherever 
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BstUiy,  Either  etonie  or  Dry  CiiUl 
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Fig.  167.     The  PrM»r  Method  of  Showing  h  Coil  Whirh  SiiiTOun<b  an 
Iron  Core  but  Very  Seldom  Ueed  on  Delco  Drmwinga 


^oils,  IgniUon  Coija.  Etc. 


P  Q    — *'   '^"  Fig.  201,  Contact  Points  Such  hb  in  SwiUhee.  DiBtributore,  Etc. 

y"^  Fig.  202.  Method  Ueed  to  Show  Lighting  Switchee 

"  "  '  '          Fig.  203,  Ptimsry  »nd  Secondary  Wiodiogt  of  an  Ignition  Coil 
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Fig.  304,    CondeDBet 


Fig,  205.     Upper  Showing  Cr«ed   Wires   not  Cotuwcted.      Lowe 
Showing  ConnectiOD  in  the  Wiring 


id  Bniahes  with  Bnieh  Lifting  Switch 
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it  is  necessarj'  that  the  current  flow  through  a  piece  of  apparatus  in 
a  certain  direction,  the  manufacturer  stamps  plus  and  minus  signs 
at  the  terminals. 

BaMery;  Generator.  A  battery,  regardless  of  its  type,  is  always 
shown  by  alternate  heavy  and  light  lines,  as  indicated  in  Fig.  195, 
each  pair  of  lines  representing  a  cell,  so  that  the  number  of  cells  in 
the  battery  may  be  told  at  a  glance.  Other  sources  of  current, 
such  as  generators,  are  indicated  by  a  conventional  sign  consisting 
of  a  circle  with  two  short  heavy  lines  tangent  to  its  circumference 
at  oppoate  points  and  usually  at  an  angle  to  the  horizontal,  as 
shown  in  Fig.  196.  The  origin  of  this  sign  will  be  apparent  in  its 
resemblance  to  the  end  view  of  a  commutator  with  a  pair  of  brushes 
bearing  on  it.  This  sign  is  also  used  to  indicate  a  motor,  in  which 
case  the  letter  M  is  inserted  in  the  circle. 

Coih.  Coils  which  are  wound  on  an  iron  core  are  generally 
indicated  by  a  conventional  sign  con^sting  of  a  few  loops  of  wire, 
as  in  Fig.  197,  but  this  is  only  the  case  where  such  a  coil  occurs  at  a 
place  in  the  circuit  where  there  might  be  a  chance  of  confusion  in 
identifjing  it.  Where  there  is  no  possibility  of  confusion — as  in 
the  case  of  the  windings  of  a  generator  or  motor,  ignition  coils,  and 
the  like — the  sign  shown  in  Fig.  198  is  often  used.  Where  the  lines 
are  heavy,  a  coarse  wire,  such  as  is  employed  for  series  windings  of 
generators  or  motors,  or  the  primary  winding  of  an  ignition  coil, 
is  intended. 

Resistance.  Resistance  in  a  circuit  is  usually  shown  by  an 
arbitrary  sign.  Fig.  199,  similar  in  outline  to  a  piece  of  the  cast-iron 
grid  frequently  used  in  charging  resistances,  though  sometimes 
shown  as  a  coil  and  marked  "resistance". 

Grounds.  The  sign  of  a  ground  connection  is  the  inverted 
pyramid  of  short  lines.  Fig,  200,  and  indicates  that  the  circuit  is 
grounded.  This  may  be  either  by  a  wire  directly  connected  at 
some  point  with  the  frame,  as  in  the  case  of  the  storage  battery, 
or  it  may  be  through  an  internal  ground  connection  in  the  apparatus 
itself,  as  in  the  lamps  and  sometimes  the  generator  or  motor,  the 
connection  being  made  simply  by  fastening  them  in  place.  In  any 
case,  the  sign  indicates  that  the  circuit  is  completed  through  a  ground. 

Contacts.  There  are  a  number  of  signs  employed  to  indicate 
contact  points,  switches,  and  the  like,  and,  where  they  are  not  of  an 
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arbitrary  character,  such  as  Fig.  201,  which  shows  contact  such  as 
used  in  switches,  distributors,  etc.,  and  Fig.  202,  which  indicates  a 
lighting  switch  (Deico  diagrams);  they  usually  will  be  found  to 
bear  sufficient  resemblance  to  the  apparatus  itself  to  make  their 
identification  easy. 

Indtidion  Coil.  Fine  lines  indicate  a  generator  shunt  winding, 
the  secondary  of  an  ignition  coil,  or  the  coil  of  a  relay  or  cut-out. 
The  primary  and  secondary  windings  of  an  induction  coil  as 
used  for  ignition  are  indicated  by  a  fine  and  a  coarse  coil  sign,  as 
in  Fig.  203. 

Condenser.  A  condenser  with  its  overlapping  plates  is  shown 
in  Fig.  204. 

Crossed  Wires.  To  show  wires  that  cross  one  another  without 
making  connection,  a  half  loop  is  made  at  that  point  to  show  that 
the  wires  do  not  touch,  as  in  Fig.  205,  while  wires  that  are  connected 
are  shown  by  a  black  dot  at  the  junction. 

General  and  Special  Usage.  While  these  signs  are  not  uni- 
versally used  in  exactly  the  form  shown  here,  their  employment  is 
very  general  and  in  the  majority  of  cases,  such  as  the  positive  and 
negative,  battery,  ground,  generator,  induction-coil  win<^ngs,  and 
coil  signs,  they  are  never  changed.  In  some  instances  special  signs 
are  employed,  such  as  that  shown  in  Fig.  206,  which  indicates  the 
motor  conunutator  of  the  Delco  single-unit  machine  or  dynamotor, 
and  shows  the  special  brush  lifting  switch.  Incandescent  lamps 
are  almost  always  indicated  by  small  circles,  though  the  lamp  itself 
is  sometimes  drawn  in.  As  a  matter  of  fact,  very  littie  system  is 
followed  by  different  makers  in  making  these  wiring  diagrams.  In 
an  effort  to  simplify  its  reading  to  the  uninitiated,  a  diagram  will 
sometimes  picture  most  of  the  apparatus  in  such  form  that  it  will 
be  recognized  from  its  resemblance  to  the  ori^nal,  including  the 
battery,  generator,  lamps,  and  the  like,  using  only  signs  for  showing 
coils  and  ground  connections;  others  go  to  the  opposite  extreme  and 
show  nothing  but  signs. 

Diagrams  for  Single-Wire  System 

Buick-Deico  Type.  For  purposes  of  illustration  a  very  simple 
diagram  is  selected.  Fig.  207.  This  is  the  Delco  single-unit  system 
as  employed  on  an  earlier  model  of  the  Buick.    Starting  at  the  left 


ELECTRICAL  EQUIPMENT 


side  o(  the  diagram, 
tlie  generator  ia  shown 
with  its  shunt-field 
winding,  one  brush  of 
the  generator  and  the 
shunt  coil  being 
grounded.  This  is  a 
complete  drcult,  but, 
as  the  shunt  coil  has  a 
high  resistance,  only  a 
very  small  part  of  the 
current  flows  through 
it.  The  series  wind- 
ing of  the  generator 
is  shown  at  the  top 
and  the  explanation 
that  this  ia  a  "reverse" 
series  coil  means  that 
it  is  wound  to  have  a 
polarity  opposite  to 
that  of  ihe  shunt  coil. 
It  accordingly  opposes 
the  shunt  coil  at  the 
higher  speeds  and 
serves  to  regulate  the 
output  of  the  gener- 
ator. This  is  the 
familiar  bucking  coil 
or  "reversed  com- 
pound winding". 

To  reach  the  bat- 
tery, the  current  from 
the  generator  must 
pass  through  the  auto- 
matic cut-out,  the  two 
windings  and  the  con- 
fact  points  of  which 
are    shown    a    little 
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further  to  the  right  along  the  top  line.  If  the  ammeter  on  the  dash 
fails  to  register  any  charging  current  when  the  engine  is  running  at  a 
speed  equivalent  to  10  miles  an  hour  or  more,  the  automatic  cut- 
out would  be  the  first  place  to  seek  a  break  in  the  system.  Under 
normal  conditions  of  working,  the  cut-out  closes  the  circuit  as  soon 
as  the  generator  reaches  a  certain  speed  and  the  3-cell  storage  bat- 
tery, one  side  of  which  is  grounded,  is  then  being  charged,  the  current 
entering  at  the  plus  or  positive  terminal  and  returning  by  way  of  the 
minus  terminal  or  pole  through  the  ground  connection.  (In  some 
systems,  such  as  the  Gray  &  Davis,  the  frame  of  the  car  is  the  posi- 
tive side  of  the  circuit.) 

.Between  the  generator  and  battery  circuits  is  shown  the  start- 
ing-motor drcuit.  The  width  of  the  lines  employed  indicates  that 
very  heavy  conductors  are  used  in  this  drcuit  and  they  are  neces- 
sary owing  to  the  extremely  heavy  currents  handled.  The  series 
winding  of  the  motor  field  is  also  short  and  of  heavy  wire.  The 
upper  brush  of  the  motor  being  in  a  raised  position  indicates  that 
the  motor  is  brought  into  operarion  through  a  switdiing  brush,  and 
when  Has  switch  is  closed  to  start,  one  of  the  generator  brushes  is 
rased  from  the  commutator.  This  completes  the  generating, 
starting,  and  controlUng  circuits,  all  of  which  are  shown  to  the  left 
of  the  battery.  The  relative  difference  in  thickness  between  the 
wires  of  these  circuits  at  the  left  and  those  at  the  right  for  the  lighting 
and  ignition  show  the  difference  in  the  amount  of  current  handled 
by  the  two.  The  double  set  of  contact  points  at  the  center  along 
the  top  line  indicate  the  dash  switch — ^turning  this  to  the  left  giving 
the  magneto  connection  M,  while  throwing  it  to  the  right  B  puts  in 
the  battery  of  six  cells  shown  just  a  bit  further  to  the  right  in  the 
ignition  circuit.  To  the  left  of  this  dash  switch  a  tap  has  been 
made  for  the  lights,  the  three  circuits  of  which,  head,  side,  and  tail 
are  indicated  but  not  completed,  the  draftsman  often  taking  it  for 
granted  that  complete  detail  connections  are  unnecessary.  Another 
instance  of  this  will  be  seen  just  below  the  lighting  switch,  the 
leads  from  the  high  tenaon  distributor  (four  indicating  a  4-cylinder 
motor)  ending  up  a  short  distance  from  it,  as  it  is  obvious  that  they 
lead  direct  to  the  spark  plugs. 

The  primary  and  secondary  windings  of  the  induction  coil 
(ignition) — the  former  of  which  is  grounded  through  a  resbtance 
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unit  and  the  timer,  and  the  latter  directly — are  plain.  But  it  also  will 
be  noted  that  a  condenser  is  shunted  around  the  sparking  contacts  of 
the  timer,  one  side  being  connected  to  the  contact  terminating  the 
positive  ade  of  the  circuit,  while  the  other  is  grounded.  The  function 
of  a  condenser  here  is  to  absorb  the  charge  or  surge  of  current  due  to 
the  sudden  opening  of  the  contacts  (breaking  of  the  rireuit)  and  to 
prevent  the  formation  of  an  arc  which  would  burn  the  contact  points 
away  rapidly.  Badly  pitted  or  burned  contact  points  accordingly  are 
an  indication  that  the  condenser  has  broken  down  or  become  discon- 
nected from  the  circuit.  This  also  will  be  evident  from  the  excessive 
sparking  at  these  contacts  when  the  engine  is  running.  The  secondary 
winding  of  the  coil  is  grounded  directly.  At  the  right-hand  end  of 
the  diagram  is  seen  the  independent  circuit  of  the  dry-cell  battery 
for  emergency  use  in  starting.  The  cmrent  from  this  battery  passes 
through  a  relay  coil  the  contact  points  of  which  are  also  provided 
with  a  condenser  for  the  purpose  already  explained. 

Aubuni-Delco  Type.  The  wiring  diagram  of  the  Deleo  light- 
ing, starting,  and  ignition  system  of  the  Auburn,  Model  6-40,  Fig. 
208,  is  more  completely  shown  than  the  one  to  which  reference  was 
made  above,  in  that  all  the  switching  connections  are  indicated  and 
the  lamp  circuits  have  been  carried  out.  Examination  will  also  show 
that  it  differs  in  other  respects  as  well.  For  example,  instead  of  a 
bucking-coil  type  of  regulator  winding,  the  generator  output  is  con- 
trolled through  a  variable  resistance  in  the  shunt-field  circuit,  the 
amount  of  resistance  increasing  with  the  speed.  As  the  current 
through  the  shunt  coil  decreases  with  the  increase  in  resistance,  the 
fields  are  weakened  and  the  generator  output  falls  off. 

Instead  of  the  usual  magneto-and-battery  switch  a  special  form 
of  combination  switch  is  shown  in  this  wiring  diagram  which  controls 
two  circuits  simultaneously,  the  generator-battery  circuit  and  the 
circuit  breaker-ignition  coil  circuit.  These  are  discussed  further 
in  the  main  Delco  section. 

Diagram  for  Two-Wire  System 

Chevrolet-Auto-Lite  Type.  The  wiring  diagrams  already 
explained  are  what  are  known  as  "single-wire"  or  grounded  systems, 
there  being  but  a  single  wire  connecting  any  piece  of  apparatus  to 
the  source  of  current  supply,  the  return  side  of  the  circuit  being 
through  the  frame  of  the  car.    While  usually  referred  to  as  the 
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"return"  side  of  the  circuit,  the  steel  sections  forming  the  frame  of 
the  car  may  be  utilized  for  either  the  positive  or  negative  side. 


The  wiring  diagram,  Fig.  209,  which  is  that  of  the  Auto-Lite 
system  as  applied  to  the  Chevrolet  is  of  the  two-wire  type.    With 
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the  exception  of  the  ignition  circuit,  which  is  always  grounded 
owing  to  the  spark  plugs  completing  the  circuit  by  being  screwed 
into  the  cylinder  heads,  it  will  be  noted  that  two-wire  connections 
are  made.  The  ignition  circuits  are  completed  by  a  ground  at  the 
battery  for  the  starting  current,  and  by  another  at  the  generator 
for  the  current  when  running.  The  circuit  breaker  is  also  grounded. 
Jeffery-Bijur  Type.  The  two-wire  system  of  the  Bijur  as 
installed  on  the  Jeffery  Chesterfield  Six  is  shown  in  Fig,  210.  All 
lighting  circuits  are  fused  and  there  is  also  a  fuse  in  the  ground 
connection  for  the  ignition.  The  numbers  referring  to  the  various 
circuits  indicate  the  proper  size  of  wire  used  in  each  circuit.  This 
is  an  important  item  in  every  starting  and  lighting  system,  as, 
where  any  wires  have  to  be  replaced  owing  to  mechanical  or  elec- 
trical injury,  they  must  always  be  replaced  with  wire  of  the  same 
size  and  character  of  insulation,  as  otherwise,  further  and  more 
serious  trouble  is  apt  to  follow.  Thus,  for  the  starting  circuit  No.  0 
(Brown  &  Sharpe  gage)  cable  is  employed;  for  the  charging  circuit 
between  the  generator  and  battery  No,  10;  for  the  lighting  circuits 
No.  14,  which  is  the  size  ordinarily  employed  for  incandescent-lamp 
circuits  in  house  wiring;  and  for  the  horn  No.  18,  "Duplex"  in 
this  connection  means  that  both  wires  of  the  circuit  are  enclosed  in 
the  same  braided  insulation.  "Loom"  is  tubular  fireproof  insula- 
tion through  which  the  wires  are  passed  to  afford  further  protec- 
tion, and  the  azes  vary  in  accordance  with  the  size  of  the  wires. 

USE  OF  PROTECTIVE  AND  TESTING  DEVICES 
Circuit  Breaker.  This  is  a  protective  device,  the  theory  of 
which  will  be  clear  at  once  upon  referring  back  to  the  explanation 
of  an  electromagnet  in  the  introductory  chapter.  It  consists  of  an 
electromagnet  with  a  movable  armature  adapted  to  open  the  cir- 
cuit by  its  movement,  the  latter  being  controlled  in  turn  by  the 
amount  of  current  flowing  in  the  circuit. 

By  referring  back  to  the  diagram,  Fig.  208,  and  noting  the  par- 
ticular function  of  the  circuit  breaker,  an  excellent  example  of  the 
value  of  ability  to  trace  wiring  diagrams  at  a  glance  can  be  shown. 
Assume  that  when  the  button  M  of  the  combination  switch.  Fig. 
212,  is  pulled  out,  the  ignition  fails  to  work.  An  examination  of  the 
diagram  shows  that  when  M  is  nulled  out,  its  lower  contact  bridges 
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the  wires  No.  1  and  No.  7  connecting  the  generator  with  the  battery. 
At  the  same  time  its  upper  contact  bridges  a  pair  of  terminals  which 
insert  the  circuit  breaker  and  the  ignition  coil  on  cable  No.  8  in  the 
circuit.  Further  examination  of  the  ignition  or  lighting  circuits 
shows  that  throwing  on  any  one  of  these  circuits  includes  the  circuit 
breaker.  The  function  of  the  latter  is  to  prevent  the  discharge  of 
the  battery  when  the  generator  is  standing  idle  or  running  too 
slowly  to  generate  the  necessary  voltage  to  charge  the  battery.  It 
also  serves  to  protect  the  lamps,  ignition  coil,  and  horn  from  dam- 
age, in  case  any  of  the  wires  leading  to  these  essentials  should  become 
grounded,  and  in  this  rdle  takes  the  place  of  fuses  and  fuse  block. 
As  it  requires  25  amperes  to  operate  the  circuit  breaker  in  this 
particular  instance,  it  is  not  affected  by  the  normal  operation  of  the 
lamps,  ignition,  or  electric  horn.  But  in  the  case  of  a  short  circuit 
or  ground,  the  whole  output  of  the  battery  would  pass  through  the 
circuit  breaker,  moving  its  armature  and  breaking  the  contacts, 
which  open  the  circuit.  This  cuts  off  the  current  and  a  spring 
brings  the  contacts  together  again,  when  the  operation  is  repeated, 
causing  the  circuit  breaker  to  vibrate  and  pass  an  intermittent 
current  of  comparatively  small  value.  While  it  will  not  break  the 
drcuit  on  less  than  25  amperes,  it  will  continue  to  vibrate  on  a 
current  of  3  to  4  amperes.  Its  continued  vibration  is  an  indication 
that  there  is  a  ground  in  one  of  its  circuits.  Hence,  no  attempt 
should  be  made  to  stop  this  action  by  tightening  the  spring  of  the' 
drcuit  breaker,  but  by  locating  the  ground- 
Tracing  for  Qrounds.  This  can  best  be  done  by  a  process  of 
elimination  in  which  a  knowledge  of  the  wiring  diagram  will  come 
handy.  Referring  again  to  Fig.  208,  if  the  circuit  breaker  operates 
when  switch  M  of  the  combination  is  pulled  out,  it  will  be  apparent 
that  the  ground  is  located  in  either  the  main  generator-battery 
drcuit,  or  the  ignition-coil  circuit,  as  it  will  be  seen  that  the  lower 
contact  member  of  the  switch  throws  the  former  in  the  drcuit  and 
the  upper  contact  member  throws  the  latter  in  the  same  drcuit 
with  the  circuit  breaker.  If  pulling  out  M  does  not  set  the  drcuit 
breaker  operating,  but  pulling  out  T  does,  this  would  intUcate  a 
ground  in  the  circuit  of  the  tail  and  cowl  lights,  while  the  operation 
of  the  drcuit  breaker  on  pulling  out  either  S  or  H,  would  indicate 
that  the  ground  was  located  in  the  wiring  of  either  the  ^de  lights 
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or  the  headlights  depending  on  which  switch  caused  the  circuit 
breaker  to  respond.  The  combination  switch  B  serves  to  connect 
the  generator  and  storage  battery  in  the  circuit,  the  same  as  M, 
but  it  also  includes  the  5-ceU  dry  battery  in  the  ignition  circuit. 
It  will  be  noted  that  the  distributor  has  six  spark  plug  leads,  indicat- 
ing a  6-cyUnder  engine,  also  that  the  connection  of  the  ignition 
timer  in  the  circuit  is  somewhat  different  from  the  previous  diagram, 
Hg.  207,  in  which  it  is  on  a  branch  circuit  of  the  storage  battery, 
whereas  in  this  instance  it  is  also  in  the  geiierator  circuit. 

Having  determined  the  particular  drcuit  in  which  the  fault  lies 
it  is  next  necessary  to  narrow  it  down  to  exactly  the  defection  that 
is  causing  the  ground.  For  work  of  this  nature  nothing  handier 
can  be  devised  than  the  simple  testing  set  which  is  described  later 
and  which  may  be  assembled  at  nominal  expense. 

Fuses.    The  lighting  circuits  of  many  cars  are 
provided  with  fuses,  designed  to  protect  the  battery. 
These  fuses  are  usually  of  the  enclosed  type,  con- 
sisting of  a  glass  tube  with  brass  caps  at  each  end 
to  which  the  fusible  wire  is  connected,  as  showain 
Fig.  211,     Usually  when  a  fuse  "blows",  due  to 
excessive  current  caused  by  a  ground  or  "short", 
the  wire  melts  entirely  and  this  will  be  visible.    But     ^  ^'f'u^"^"' 
at  times  it  will  simply  melt  at  the  soldered  connec- 
tion and  not  show  any  fault.     In  beginning  a  test  it  is  well  to  go  over 
the  fuses  first,  holding  one  of  the  test  points  of  the  lamp  circuit  on 
one  end  of  the  fuse  and  touching  the  opposite  end  of  the  fuse  with  the 
second  test  point.    Failure  of  the  lamp  to  light  will  indicate  the  defec- 
tive fuse.    On  systems  employing  a  circuit  breaker  as  shown  in  the 
wiring  diagram,  Fig.  208,  no  fuses  are  necessary  as  the  circuit  breaker 
serves  the  same  purpose  and  also  gives  an  audible  signal  of  trouble 
by  its  buzzing.    Upon  finding  an  open  circuit  where  one  is  supposed 
to  exist  as  shown  on  the  wiring  diagram,  it  is  always  well  to  verify 
this  by  again  testing  the  trouble  lamp  itself  before  beginning  to 
tear  anything  out.    The  rough  handling  to  which  such  a  lamp  is 
subjected  frequently  causes  the  filament  to  break. 

If  immediately  upon  being  replaced,  a  fuse  again  blows,  it  may 
indicate  that  one  of  the  lamp  circuits  of  the  car  is  short-circuited  or 
the  lamp  on  that  circuit  is  defective,  having  become  short-cireuited. 


328  ELECTRICAL  EQUIPMENT 

tlie  remedy  being  a  new  bulb.  In  some  systems,  fuses  are  used  in 
other  circuits,  as  in  the  case  of  the  Bosch-Rushmore  in  which  there 
is  a  fuse  on  the  switch  block  to  protect  the  main  shunt  winding 
of  the  generator.  The  blowing  of  this  fuse  indicates  a  broken 
battery  connection,  such  as  a  loose  or  broken  terminal  or  a  cor- 
roded battery  connection  on  the  cells  themselves. 

Handy  Test  Set.    Take  a  porcelain  base  socket,  screw  it  to  a 
piece  of  board  to  form  a  base.     Connect  one  side  of  this  lamp  socket 
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Fie.  212.     Handy  Testing  Set 

to  a  standard  screw  plug.  Procure  two  pieces  of  brass  or  steel  rod 
and  file  or  grind  them  to  a  long  tapering  point.  These  rods  should 
be  about  6  inches  long  and  tapering  half  their  length  to  a  sharp 
point.  Connect  the  other  side  of  the  lamp  socket  to  one  of  these 
points  and  connect  the  second  point  to  the  other  terminal  of  the 
screw  plug.  Ordinary  lamp  cord  can  be  used  for  the  connections. 
For  fastening  to  the  test  points  it  should  be  bared  for  several  inches, 
wrapped  solidly  around  the  metal  rods  at  their  blunt  ends,  and 
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soldered  fast  in  place.     The  joints  should  be  heavily  wrapped  with 
tape  or  covered  with  other  insulating  material  to  form  a  handle, 
as  shown  in  the  illustration,  Fig.  212,     As  shown  by  the  diagram 
forming  part  of  this  illustration,  it  will  be  seen  that  the  lamp  is  in 
series  with  one  of  the  points,  but  that  when  the  circuit  is  closed  by 
bringing  the  two  points  together,  the  lamp  is  in  multiple  with  the 
main  circuit.    The  lamp  should  be  of  the  carbon-filament  type 
owing  to  its  greater  durability.    As  a  lamp  of 
this  type  of  16  c-p.  only  consumes  a  little  over 
50  watts  at  110  volts,  or  approximately  half  an 
ampere  of  current,  there  is  no  danger  of  injuring 
any  of  the  apparatus  on  the  automobile  through 
its  use.    Sufficient  cord  should  be  allowed  on 
either  side  of  the  lamp  to  permit  of  connecting 
it  up  with  the  outlet  conveniently. 

In  using  this  test  outfit,  the  two  test  points 
are  pressed  on  places  between  which  no  current 
should  pass,  and  if  the  lamp  lights  it  indicates 
that  there  is  a  ground  between  those  points. 
For  example,  in  Fig.  208,  if  there  were  a  ground 
between  the  generator  and  the  switch  so  that 
no  current  reached  the  latter,  the  lamp  would 
not  light  when  the  test  points  were  placed  on 
terniinals  1  and  7  of  the  diagram,  the  gener- 
ator then  being  in  operation.  But  a  little 
searching  along  this  circuit  would  soon  show 
where  it  was  grounded,  thus  making  it  easy  to  ^^dround^'f^^it 
locate  the  break  or  ground.  Fig.  213  is  a  graphic  counay  '^  Oraj,  ond 
illustration  of  a  ground  causing  a  short  circuit,  ^"'  ComponK 

due  to  worn  insulation.  Much  more  satisfactory  results  can  be 
obtained  with  a  test  set  of  this  nature  than  with  either  an  expensive 
hand  ringing  magneto  test  set,  or  with  a  set  consisting  of  a  bell  or 
buzzer  and  a  few  dry  cells.  The  former  is  unnecessarily  expensive  for 
the  purpose  while  the  latter  has  not  sufficient  potential  to  force  the 
current  through  grounds  or  breaks  that  present  too  great  aresistance, 
whereas  the  higher  voltage  of  the  lamp  test  set  will  cause  it  to  give 
an  indication  where  the  battery  set  would  not.  With  the  aid  of 
such  a  set,  every  circuit  shown  on  even  the  most  complicated  of 
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wiring  diagrams  can  be  tested  in  fifteen  to  twenty  minutes,  maybe 
less,  depending  upon  how  accessible  the  connections  of  the  various 
circuits  happen  to  be. 

If  preferred,  owing  to  greater  convenience,  a  6-volt  lamp  can 
be  used  in  the  socket  of  the  test  set  and  current  from  the  car  battery 
can  be  utilized  for  testing.  In  case  the  car  happens  to  have  either 
a  12-volt  or  a  24-volt  system,  connect' lamp  terminals  to  but  three 
of  the  cells.    Should  the  lamp  not  light  to  full  incandescence  it 


Fie-  Sll<     PorUble  Cambination  Volt-Ammeter  for  Testing 

mil  indicate  a  weak  battery.  Full  directions  for  the  care  of  storage 
batteries  are  given  in  the  rfeuml  in  Questions  and  Answers,  and 
also  in  the  article  on  Electric  Automobiles.  In  case  the  battery 
does  not  respond  to  any  of  the  ordinary  methods  of  treatment  given 
there,  it  will  usually  be  found  preferable  to  refer  it  to  the  nearest 
service  station  of  the  battery  manufacturer.  This  is  particularly 
the  case  where  after  refilling  with  distilled  water  to  the  proper 
level  and  slowly  rechai^ng,  the  battery  does  not  increase  in  voltage 
and  specific  gravity  reading  with  the  hydrometer.         ^-•^'^•^i^ 
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Always  Teat  the  Lamp.  Whether  a  standard  110-volt  lamp 
or  one  of  the  6-volt  type  (for  which  an  adapter  may  be  necessary 
to  fit  the  standard  socket)  is  used,  it  is  a  good  precaution  always 
to  test  the  lamp  itself  before  going  over  the  wiring  on  the  car.  This 
will  avoid  the  necessity  for  blaming  things  generally  after  failing 
to  find  any  circiut  at  all — after  fifteen  miutes  of  trying  everything 
on  the  car — due  to  the  lamp 
having  a  broken  filament  or"" 
one  of  its  connections  hav- 
ing loosened  up. 

Special  Testing  Instru-  . 
ments.  For  the  garage  that 
claims  to  be  fully  equipped 
to  give  all  necessary  atten- 
tion to  the  electrical  system 
of  the  modem  car,  some- 
thing more  than  the  simple 
lamp  testing  outfit  is  nec- 
essary. Portable  volt- 
ammeters  such  as  shown  in 
Fig.  214  are  made  specially 
for  this  purpose.  This  is 
a  Weston  combination  volt- 
ammeter,  the  voltmeter 
being  provided  with  a  0-30, 
0-3,  and  0  to  tV  scales  for 
making  voltage  tests,  to- 
gether with  three  shunts 
having  a  capacity  of  0-300, 
0-30,  and  0-3  amperes,  re- 
spectively, which  are  used 
in   connection   with  the 

A-volt  scale  for  making  current  measurements.  A  special  set 
of  calibrated  leads  for  use  with  these  shunts  is  also  provided. 
With  the  aid  of  such  an  outfit,  accurate  tests  can  be  made  covering 
the  condition  and  performance  of  every  part  of  a  starting-lightin  g 
and  ignition  installation.  For  example,  a  starting  system  may 
be  otherwise  in  perfect  working  condition,  but  its  operation  causes 
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such  an  excessive  demand  on  the  storage  battery  that  the  generator 
is  not  capable  of  keeping  the  latter  sufficiently  charged.     Generator 
tests,  which  are  described  later,  having  failed  to  show  anything 
wrong  with  the  dynamo,  a  test  of  the  starting  motor,  using  the 
0-300-am"pere  shunt  of  the  instrument  would  doubtless  show  that 
an  unnecessarily  lai^  amount  of  current  was  being  demanded 
by  the  motor  for  its  oper- 
ation, and  indicate  a  fault 
in  the  latter. 

Voltage  Tests.  Wlien 
the  instrument  is  used  as 
a  voltmeter  it  is  neces- 
sary to  select  the  proper 
scale  for  the  circuit,  and 
if  there  is  any  doubt  it 
is  well  to  start  with  the 
30-volt  scale.     For  test- 
ing individual  cells  of  the 
storage  battery  the  3-volt 
scale  would  naturally  be 
used,   while    for  testing 
the  entire  battery,  the 
30-volt   scale   would   be 
the  proper  one  to  apply. 
The   proper  method  of 
connecting  the  voltmeter 
to  the   circuit  is  shown 
by  the   diagrams.   Figs, 
215  and  216.     It  is  nec- 
essary   to    connect    the 
positive  side  of  the  meter 
to  the  positive  side  of  the  circuit  and  the  other  terminal  to  the 
negative.    Where  the  polarity  of  the  circuit  is  not  known,  this 
can  be  readily  determined  by  a  trial  reading.     If  the  pointer  moves 
to  the  right,  the  connections  are  properly  made;  in  case  it  moves 
to  the  left,  it  will  be  necessary  to  reverse  the  connections,  which 
should  be  done  at  the  circuit  terminals  and  not  at  the  meter,  to 
avoid  any  accidental  short  circuits.  un  i^  n  ,  v^iv_'i_i^n. 
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Ammeter  Readings.  When  using  the  ammeter  to  determine 
the  amomit  of  current  consumed  by  any  of  the  apparatus,  such  as 
the  starting  motor  or  the  lamps,  it  is  necessary  to  first  select  the 
proper  shunt.  Should  the  value  of  the  current  to  be  measured  be 
unknown,  it  is  well  always  to  start  with  the  300-ampere  shunt 


Re.  217.    IMaeri 


and  then  insert  the  30-ampere  shunt  in  case  the  reading  shows  the 
current  to  be  less  than  30  amperes.  These  shunts  are  connected 
in  the  manner  shown  by  Fig.  217,  and  as  will  be  plain  from  this 
diagram,  all  shunts  are  connected  in  the  circuit  in  a  similar  manner. 
The  connections  always  remaining  the  same,  it  is  only  necessary 
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to  substitute  the  different  shunts  as  required  by  the  circuit  to  be 
measured.  If  the  polarity  be  reversed,  it  is  only  necessary  to 
shift  the  connections  from  the  ammeter  to  the  shunt  which  should 
be  done  at  the  latter,  there'  being  no  necessity  to  change  the  con- 
nections of  the  shunt  itself  to  the  circuit.  The  300-ampere  shunt 
must  always  be  used  for  measuring  the  starting  current,  as  the 
latter  will  rarely  have  a  value  of  less  than  200  amperes  when  the 
switch  is  first  closed  owing  to  the  necessity  of  exerting  great  power 
at  first  to  overcome  the  inertia  of  the  gasoline  en^ne,  particularly 
at  a  low  temperature  when  the  lubricating  oil  has  become  guimned. 
Cables  of  the  same  size  as  those  employed  on  the  starting-motor 
circuit  of  the  car  should  be  provided  for  connecting  up  the  shunt 
to  make  the  tests.  The  30-ampere  shunt  is  employed  for  measuring 
the  charging  current  to  the  battery,  while  the  3-ampere  shunt  is  used 
for  the  individual  lighting  circuits  or  for  the  primary  ignition  current, 

In  the  following  section,  the  various  systems  in  general  use 
are  described  in  detail. 

AUTO-LITE  SYSTEM 
Six-Volt;  Two-Unit;  Single  Wire 

Generator.    Three  types  of  generators  are  furnished.    One 
has  a  permanent  magnetic  field  and  resembles  a  magneto  but  can 


be  distinguished  by  its  drive  and  governor,  as  well  as  the  fact  that 
it  is  fitted  with  a  commutator  and  brushes  instead  of  a  'intact 
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breaker  and  distributor.  It  has  been  supplied  chiefly  for  installation 
on  cars  which  were  not  originally  fitted  with  electric  lighting  and 
starting  systems.  The  second  is  somewhat  ^milar  in  design  but 
has  an  excited  field,  the  field  magnets  being  of  U-f  orm  and  laminated ; 
this  type  of  generator  is  used  on  the  Overland  Model  82.  There 
is  a  single  field  winding,  as  shown  in  Fig.  218.  The  third  is  a  four- 
pole  machine  having  two  wound  poles,  usually  termed  salient  poles 
and  two  consequent  poles,  which  carry  no  windings.  A  diagram- 
matic section  of  this  generator  is  shown  in  Fig.  219.  The  salient 
poles  are  those  in  the  vertical  plane  while  the  consequent  poles 
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Fie-  219-    Duirammatic  Sectjoa  of  Foui-Pole  Auto-lite  GeoeiBtor 

are  horizontal.    The  diagram  also  shows  the  commutator,  brushes, 
and  the  compound  winding  of  the  generator. 

Regulation.  The  current  output  of  the  permanent-field  type  is 
regulated  by  a  centrifugal  governor;  it  should  not  drop  below  10 
amperes,  nor  exceed  12  amperes.  Any  falUng  off  can  be  remedied 
frequently,  simply  by  cleaning  the  governor  out  thoroughly  with 
gasohne,  allowing  it  to  dry,  and  giving  it  a  drop  or  two  of  light  oil; 
if  this  does  not  increase  the  output  sufficiently,  the  weights  can  be 
moved  inward  an  eighth  of  an  inch  or  more  to  decrease  the  pressure 
on  the  ^rings  mounted  in  the  governor  arms.  Fig.  220.    This  per- 
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mits  the  generator  to  run  at  a  higher  speed.  The  regulation  of  the 
other  type  is  inkereni  and  is  due  to  the  series  windings  of  the  field 
being  made  in  the  reverse  direction  to 
that  of  the  shunt  windings,  so  that  their 
polarity  is  reversed.  This  is  commonly 
referred  to  as  a  bvcking  coU,  also  as  a 
differential  winding.  As  the  speed  in- 
creases, the  magnetizing  effect  of  the 
shiuit  coils  is  opposed  by  this  bucking 
winding  and  thus  kept  within  safe  limits. 
This  type  of  generator  is  used  on  the 
Overland  Model  80  and  Model  81,  be- 
sides other  cars. 

Starting  Motor.  The  starting  motor 
is  8  series-wound  multipolar  type  having  four  salient  poles.  Fig.  221 
(used  on  Overland  Model  80  and  Model  81).  In  this  type  the  switch 
is  combined  directly  with  the  motor,  being  mounted  in  a  housing  at 
the  left  end  as  shown  in  Fig.  221 ,  It  is  also  fitted  with  a  special  lock- 
ing device,  the  details  of  which  are  illustrated  in  the  sectional  view. 
Fig.  222.  One  of  the  buttons  on  the  control  board  on  the  steering 
column  closes  the  circuit  of  the  solenoid  shown  in  this  illustration ;  this 
causes  the  plunger  to  lift  and  release  what  is  known  as  the  gear- 
lakh.  The  shaft  carrying  the  switch  also  serves  to  shift  the  pinion 
on  the  end  of  the  starting-motor  shaft  into  mesh  with  the  flywheel 
gear.  A  later  and  more  widely  employed  type  of  Auto-Lite  starting 
motor  is  shown  in  Fig.  223;  this  is  installed  on  the  Overland  Model 


Yhg.  221.      Auto-Lite  Suning  Motor  Used  cm  Ovarlaod  Models  SO  ami  SI 

82  besides  a  number  of  other  cars.    It  is  known  as  the  Bendix  drive 
and  is  coming  into  very  general  use  owing  to  its  simplicity  and  its 


ii 

i 


D,3-,zedtvG00g[f 


ELECTRICAL  EQUIPMENT  337 

automatic  operation  which  eliminates  the  necessity  for  gear-shifting 
devices  actuated  by  the  switch,  when  operating  the  starting  motor. 
The  armature  shaft  has  a  threaded  extension  provided  with  fm 
8»lcnoU-op«ratod 


R«.  223.     Sectional  View  of  Auto-Lil*  Starting  Switch  and  Gbbt  Releua 

outer  bearing  and  carries  a  pinion.    A  weight  is  solidly  attached  to 
this  pinion  and  the  latter  is  loose  enough  on  the  shaft  always  to 


Fif-  223.      Auto-Lit*  Starting  Motor  with  Bendii  Drive 

occupy  the  position  shown  with  the  weight  underneath  when  the 
shaft  is  idle.  The  leading  screw  has  a  triple  thread.  On  starting 
the  electric  motor  the  inertia  of  the  weight  causes  it  and  the  pinion 
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to  be  carried  along  the  shaft  and  into  mesh  with  the  gear  on  the 
flywheel  in  which  relation  it  remains  until  the  engine  be^ns  to  run 
under  its  own  power.  This  reverses  the  relation,  the  flywheel  then 
driving  instead  of  being  driven,  which  automatically  throws  the 
pinion  out  of  mesh.  The  coil  spring  shown  is  simply  to  take  up  the 
shock  of  starting  and  permits  a  slight  play  between  the  motor  shaft 
and  the  threaded  extension.  Before  the  switch  which  is  located  on 
the  footboards  can  be  operated,  a  button  on  the  control  board  must 
be  pushed.  This  actuates  a  solenoid  the  plunger  of  which  raises  a 
latch,  releasing  the  starting  switch. 

Battery  Cut-out.    The  battery  cut-out  is  shown  in  Fig.  224. 
As  already  explained,  the  majority  of  electric  systems  on  the  auto- 
mobile must  be  provided  with  a  cut- 
r,  >_.  ^  ^^^  ^  protect  the  battery  when  the 

generator  speed  falls  below  a  certain 
point.    It  is  frequently  referred  to  as  a 
circuit  breaker,  which  it  is   in    fact, 
though  the  circuit  breaker  is  a  protec- 
tive device  used  for  another  purpose, 
as  has  been  mentioned.    The  cut-out 
may  be  compared  to  a  check  valve  in 
a  water  supply  Une  between  a  pump 
and  a  tank;  the  pump  can  force  water 
into  the  tank  against  its  pressure  but, 
*"*■  ^-  (aJ^'fBrS'k^r  ^'""°"'     regardless  of  how  great  this  pressure 
becomes  owing  to  the  filling  of  the  tank, 
the  water  cannot  run  back  through  the  pump  when  the  latter  is  idle. 
In  principle,  the  battery  cut-out  is  simply  a  magnetically 
operated  switch.    When  the  current  passes  through  its  winding  the 
armature  is  attracted  and  brings  a  pair  of  contact  points  together. 
These  will  be  seen  at  the  upper  right  hand  at  the  point  of  the  arrow. 
In  the  best^rade  apparatus,  these  points  are  of  platinum  or  platinum 
and  iridium  as  the  latter  is  proof  against  oxidation  as  well  as  cor- 
rosion and  resists  pitting  under  the  electrical  current  better  than 
any  other  metal.     As  it  costs  more  than  gold,  silver,  which  is  next 
best  for  the  purpose,  is  frequently  employed.    The  cut-out  in  this 
case  is  set  to  close  the  circuit  and  allow  the  generator  to  charge  the 
battery  when  the  engine  is  driving  the  car  at  7^  miles  per  hour,  but 
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when  the  speed  isdropping  it  does  not  open  the  circuit  until  it  fallg 
to  6  miles  per  hour.  This  is  to  prevent  the  cut-out  from  operating 
continuously  when  the  car  is  running  at  its  opening  speed  of  7J 
miles.  The  battery,  however,  governs  to  a  large  extent  the  running 
speed  at  which  the  cut-out  will  operate.  When  fully  chained, 
owing  to  the  higher  resistance  thus  presented,  the  cut-out  does  not 
close  the  circuit  until  the  car  is  running  at  10  to  12  miles  per  hour. 
In  case  the  cut-out  is  removed  from  the  car  for  any  reason,  the 
latter  must  not  be  operated  until  a  short  piece  of  bare  copper  wire 
is  securely  connected  from  the  wire  terminal  post  of  the  generator 
to  one  of  the  brass  screws  in  the  name  plate. 

Instruments.  The  instrument  regularly  supplied  is  a  double- 
reading  ammeter  diowing  charge  and  discharge  from  0  to  15  amperes. 
When  lamps  are  off  with  car  running  at  10  miles  per  hour  or  over, 
it  should  indicate  charge. 

Wiring  Diagram.  The  connections  are  practically  the  same, 
regardless  of  the  type  of  starting  motor  installed,  so  that  the  follow- 
ing description  will  cover  all  three  of  the  Overland  models  men- 
tioned, Fig.  225.  The  ignition  system  is  entirely  independent  of  the 
startJng  and  lighting  system,  although  it  appears  on  the  diagram. 
The  connections  are  as  follows:  Cable  12072,  battery  negative  to 
motor  terminal;  cable  12073,  battery  positive  to  starting  switch; 
wire  12236,  starting  switch  to  fuse  block;  wire  12066,  fuse  to  positive 
annneter  terminal;  wire  12066,  negative  anmieter  terminal  through 
fuse;  wire  12069,  to  battery  cut-out;  wire  12068,  generator  positive 
termmal  to  cut-out.  The  battery  negative  is  grounded  at  the  end 
of  cable  12072,  while  the  cut-out  is  grounded  to  the  frame  through 
the  wire  12906  and  the  generator  is  grounded  at  its  negative  ter- 
minal. This  is  an  example  of  the  frame  of  the  car  being  employed 
for  the  negative  side  of  the  circuit,  as  compared  with  the  Gray  & 
Davis  in  which  it  is  utilized  for  the  positive  side.  While  the  ground 
connections  of  the  lamps  and  horn  are  indicated  as  separate  wires, 
in  the  case  of  the  lamps  the  socket  itself  forms  the  ground  connec- 
tion. The  location  of  the  various  fuses  and  the  relation  of  the 
various  essentials  of  the  system  will  be  clear  upon  tratnng  the 
diagram. 

Instructions.  While  a  car  never  comes  into  the  shop  to  have 
its  electrical  equipment  examined  until  some  fa^t  dev^If|>{^,ia|\d 
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the  man  who  has  to  locate  the  trouble  seldom  has  occasion  to  run 
the  car  in  ordinary  service,  still  it  is  important  that  he  should  famil- 


iarize  himself  with  the  instructions  issued  to  the  owner,  in  order  that 
he  may  know  rt  a  glance  whether  these  instructions  have  been 
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carried  out  or  not.  It  is  safe  to  say  that  more  than  half  the  troubles 
that  arise  with  this  equipment  are  due  to  failure  to  follow  instruc- 
tions in  its  use.  The  average  motorist  ordinarily  pays  little  atten- 
tion to  the  workings  of  the  apparatus  until  it  goes  wrong  and  then 
he  is  helpless.  There  is,  however,  another  type — the  man  who  is 
given  to  tinkering.  He  is  responsible  for  not  a  few  of  the  problems 
that  come  into  the  garage,  and  familiarity  with  the  manufacturer's 
instructions  will  assist  in  tracing  the  result  of  his  efforts. 

Chain  Drive  The  silent-chain  drive  of  the  generator  should 
be  inspected  occasionally  and  any  slack  taken  up  by  loosening  the 
screw  which  holds  the  generator  on  its  bracket,  and  moving  the 
generator  ever  by  means  of  the  adjusting  screw.  The  chain  should 
be  just,  stack  enough  to  have  no  strain  on  its  links  when  the  en^ne 
is  not  running.  Although  the  initial  stretch  of  the  chain  is  taken 
out  at  the  factory  by  running  it  under  load,  these  chains  will  con- 
tinue to  stretch  slightly  in  service.  After  making  the  adjustment 
the  holding  screws  should  be  re-tightened. 

Commutator  and  Brushes.  The  commutator  is  the  most  vul- 
nerable part  of  a  direct-current  machine.  It  should  be  examined 
first  whenever  there  is  any  trouble  with  the  generator,  such  as 
insufficient  output  of  charging  current,  or  with  the  starting  motor, 
such  as  loss  of  power,  the  battery  being  in  good  condition.  (No 
mention  is  made  of  battery  instructions  in  this  connection  as  the 
subject  is  fully  dealt  with  in  another  volume,  and  in  the  summary 
following  this  section.  The  battery  is,  however,  the  cause  of  fully 
80  per  cent  of  all  electrical-system  troubles  and  neglect  is  at  the 
root  of  most  of  these.) 

.  The  commutator  is  made  accessible  by  the  removal  of  a  small 
plate — in  this  case,  the  name  plate.  If  it  is  blackened  and  rough, 
the  brushes  first  should  be  examined  and  trued  up  anc'  the  com- 
mutator should  be  snaoothed  down  wilJi  fine  sandpaper  (never  use 
emery  cloth  as  it  is  metallic  and  will  short-circu't  the  segments). 
The  mica  insulation  should  be  carefiUly  examined:  if  it  is  flush  with 
the  copper  segments  this  Is  the  cause  of  the  roughened  up  brushes, 
and  the  mica  should  be  undercut.  Detailed  instructions  for  smooth- 
ing the  commutator,  truing  up  the  brushes  and  undercutting  the 
mica  insulation  are  given  in  connection  with  the  Delco  system. 
Any  carbon  dust  from  the  brushes  should  be  carefully  blown  out 
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as  this  will  tend  to  short-circuit  the  armature  and  field  mndlngs. 
See  that  the  brush  holders  swing  ea^ly  on  the  studs  and  that  there 
is  just  enough  spring  tension  on  the  brushes  to  make  good  contact 
on  the  commutator.  Too  much  tension  will  cause  unnecessary  heat- 
ing and  wear  of  the  commutator  and  brushes.  Keep  the  commu- 
tator and  brush  chamber  free  from  dirt  and  grease.  Never  replace 
brushes  with  any  but  those  supplied  by  the  manufacturer.  See 
that  the  brush  holders  are  well  insulated  from  their  supports,  replac* 
ing  any  of  the  insulating  plates,  bushings,  or  washers  that  may  have 
become  damaged.  Should  the  battery  or  generator  be  disconnected 
do  not  run  the  en^ne  until  they  are  again  connected.  Should  it  be 
necessary  to  do  so,  connect  a  short  piece  of  bare  copper  wire  from 
the  terminal  of  the  generator  to  one  of  the  brass  screws  in  the  name 
plate. 

Generator  Tests.  The  following  tests  will  be  found  an  aid  in 
locating  failure  of  the  generator. 

Field.  To  test  the  field  coils,  lift  the  brushes  off  the 
commutator  and  insert  a  piece  of  fiber  or  clean  dry  wood. 
Close  the  battery  cut-out  by  pressing  the  finger  on  the  contacts. 
The  anmieter  should  then  register  about  one  ampere  if  the  coils 
are  all  right. 

Armature.  To  test  the  armature,  remove  the  driving  chain  and 
close  the  cut-out  as  before.  This  will  motorize  the  generator  and 
it  should  then  run  at  650  to  750  r.p.m.,  drawing  3  to  3i  amperes, 
if  its  windings  are  in  good  condition.  This  refers  to  the  generator 
on  Overland  Model  80  and  Model  81.  The  Model  82  generator 
should  run  at  275  r.p.m.  on  a  current  of  2  to  2i  amperes. 

Grounds.  Tests  for  grounded  windings  in  either  the  field  ot 
armature  coils  can  be  carried  out  with  the  aid  of  the  testing-lamp 
outfit  described.  Remove  the  brushes,  place  one  test  point  on  a 
commutator  segment  and  the  other  point  on  the  armature  shaft; 
if  the  coil  is  all  right  the  lamp  will  not  light.  To  test  the  field  coils, 
first  break  all  intentional  ground  connections  (these  can  be  noted  by 
consulting  the  diagrams);  then  place  one  point  of  the  testing  set  on 
the  machine  frame  and  tlie  other  point  on  a  terminal  of  the  field 
coil.    If  the  lamp  Ughts  up,  there  is  a  ground  which  must  be  removed. 

In  case  any  faults  are  located  in  the  windings  it  will  usually 
be  found  advisable  to  consult  the  manufacturer's  service  station 
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or  the  factory  direct,  as  either  armature  or  field  winding  is  some- 
thing that  is  beyond  even  the  best  equipped  of  garages. 

Battery  Cut-Out  Tests.  Fwlure  of  the  battery  cut-out  to  oper- 
ate will  most  frequently  result  from  pitted  or  blackened  contact 
points.  Clean  and  true  up  with  fine  sandpaper  which  should  be 
drawn  back  and  forth  between  them  while  slight  pressure  is  applied 
to  the  upper  one,  taking  care  to  keep  the  sandpaper  at  right  angles 
to  the  vertical  plane  of  the  points,  as  otherwise  they  will  be  put  out 
of  true.  See  that  the  faces  of  both  points  come  together  over  their 
entire  surface  when  pressed  together  with  the  finger, 

OpercUion.  Test  for  operation  by  sending  the  current  from  five 
dry  cells  in  series  through  the  coil  of  the  cut-out.  The  points  should 
come  together  with  a  snap  as  soon  as  the  circuit  is  completed  and 
should  hold  fast  as  long  as  the  current  is  on.  This  test  should  not 
be  continued  too  long,  however,  as  the  dry  cells  will  weaken.  In 
case  the  armature  is  not  attracted,  leaving  the  points  in  the  open 
position  when  the  battery  current  is  sent  through  it,  inspect  the 
connections  from  the  binding  posts  to  the  coil.  The  wire  is  small 
and  may  have  broken  from  vibration. 

Should  no  circuit  be  found  through  the  coil  with  the  dry  bat- 
tery, try  the  test-lamp  outfit  on  the  110-voIt  circuit,  holding  one 
point  down  on  a  binding  post  and  just  touching  the  other  momen- 
tarily with  the  second  point.  If  the  lamp  fails  to  light,  there  is  a 
break  in  the  coil  and  the  cut-out  should  be  returned  to  the  manu- 
facturer. 

BiJUR  SYSTEM 

6-Volt;  Two-Unit;  Single-  or  Double-WIre,  According  to  Make 

of  Car.    Also  [3-VoIt:  Single-Unit 

Generator.  The  generator  is  a  special  reversible  type.  Due 
to  the  reversible  characteristics  of  the  machine  it  may  be  connected 
in  either  direction  and  it  will  assume  the  proper  polarity  for  charing 
the  storage  battery. 

Regulation.  This  is  the  constant-voltage  type,  the  regulator 
and  battery  cut-out  being  mounted  directly  on  the  generator. 
The  principle  of  this  method  of  regulation  is  to  maintain  the  voltage 
of  the  generator  constant,  the  current  output  depending  on  the 
resistance  of  the  circuit  and  varying  with  the  state  of  charge  of 
the  battery.    This  is  accomplished  by  the  use  of  a  magnetic  vibrator 
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similar  in  principle  to  the  ordinary  electric  bell,  or  buzzer,  though 
it  takes  a  different  form.  Fig.  226.  H  is  the  magnet  winding,  A  the 
soft-iron  core  of  the  magnet,  and  0  the  vibrating  armature.  To 
prevent  G  from  coming  directly  in  contact  with  the  pole  piece  on 
tte  upper  end  of  A,  a  stop  pin  /  is  provided.  C  and  F  are  the 
contacts,  C  being  held  against  F  by  the  tension  spring  E  and  is  pulled 
away  from  F  by  the  magnetic  pull  of  coil  H  in  armature  G.  These 
contacts  are  mounted  on  vibrating  reeds  (thin  strips  of  spring  brass) 
placed  at  right  angles  to  each  other.  Contact  C  and  its  reed  are 
attached  to  the  armature  G,  and  stop  pins  B  limit  the  lateral  movement 
of  this  contact.  F  and  its  reed  are  also  mounted  on  an  arm  as  shown. 
When  a  current  flows  through  the  magnet  coil  the  armature 
G  is  attracted,  automatically 
released  by  the  breaking  of 
the  cireuit,  and  again  at- 
tracted so  that  it  vibrates, 
the  rate  of  vibration  depend- 
ing upon  the  amount  of  cur- 
rent. As  the  vibrator  is  in- 
cluded in  the  field  circuit  the 
current  in  the  latter  is  ac- 
cordingly pulsating,  and  as 
a  field  circuit,  owing  to  its 
heavy  iron  core  has  consid- 
erable self-induction,  the  amount  of  current  flowing  through  it  will 
decrease  in  proportion  to  the  rapidity  of  the  vibration  or  pulsations. 
To  prevent  the  field  losing  its  excitation  altogether  every  time  the 
vibrator  opens  the  circuit,  the  latter  is  not  connected  directly  in 
circuit  with  the  shunt  winding  of  the  generator,  but  b  placed  across 
the  ternunals  of  a  resistance  unit  in  series  with  the  shunt  field. 
This  also  prevents  the  arcing  or  heavy  sparking  that  otherwise 
would  result  from  the  breaking  of  a  cireuit  having  so  much  induct- 
ance. Failure  of  a  vibrating  regulator  is  usually  caused  by  the 
contact  points  sticking  or  fusing  together  owing  to  the  heat.  Mount- 
ing the  points  on  reeds  is  designed  to  prevent  this  as  the  vibration 
due  to  the  operation  of  the  car  keeps  them  moving  laterally,  thus 
overcoming  the  formation  of  a  cone  of  metal  on  the  negative  contact 
point  caused  by  the  small  particles  transferred  from  the  positive. 
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Starting  Motor.  This  is  of  the  series-wound  multipolar  type. 
The  installation  of  motor  and  starting  switch  as  mounted  on  Hupp 
cars  is  shown  in  Fig,  227. 

Instruments.  A  dash  ammeter  is  supplied.  With  constant 
voltage  control  the  amount  of  current  delivered  to  the  battery 
by  the  generator  depends  upon  the  condition  of  the  former.  With 
battery  almost  discharged,  its  voltage  is  lowered  and  the  current 
reading  may  then  be  as  high  as  15  to  20  amperes.  With  battery 
fully  charged  and  no  lights  on,  the  reading  will  decrease  to  5  amperes 
or  less,  the  charging  current  at  all  times  depending  upon  the  state 
of  charge  of  the  battery. 


'  I^.  227.    Bijur  Stsitiog  Motor  u  Installed  oa  the  Hupp 

Wiring  Diagrams.  Winlon.  This,  as  shown  in  Fig.  228,  is  a 
single-wire  system.  The  generator  is  located  alongside  the  trans- 
mission case  and  is  belt-driven,  provision  for  belt  adjustment  being 
made  by  swinging  generator  to  tighten  belt.  The  numbers  on 
the  wires  indicate  the  sizes  of  wire  used  for  connecting  the  various 
apparatus.  Ground  connections  are  on  engine  and  transmission 
case.  In  this  installation  the  starting  switch  is  mounted  directly 
on  the  starting  motor.  A  spare  lamp  circuit  is  provided  on  which 
a  portable,  trouble-hunting  lamp  may  be  connected.  Fuses  are 
provided  on  all  lamp  circuits. 

Jeffery.  Fig.  229  illustrates  the  six-volt  two-wire  system  used 
on  the  Chesterfield  Six  Model.    With  the  exception  of  the  out-of- 
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focus  lamps  in  the  headlights  for  city  running  which  are  on  the 
tliree-wire  plan,  one  side  being  grounded,  all  apparatus  is  connected 
with  two  wires.  In  addition  to  lamp  fuses,  the  ground  connection 
is  also  fused.  The  blowing  of  any  of  these  fuses  does  not  affect 
the  ignition  circuits.  The  generator  is  mounted  on  the  right  side 
of  the  motor  and  b  driven  through  a  flexible  coupling  from  the 
timing-gear  shaft.  At  its  rear  end,  the  generator  is  connected 
through  a  jaw  coupling  to  the  water  pump,  this  shaft  also  serving 
to  drive  the  magneto.  The  starting  switch  is  mounted  on  a  housing 
covering  the  motor  pinion,  the  starting  motor  being  mounted  on 
the  left  side  of  the  engine.  A  five-way  switch  provides  lamp 
control. 

Hupp.  Fig.  230  shows  the  &-volt  single-wire  system.  This 
diagram  is  simplified  by  the  omission  of  the  magneto,  current  from 
the  battery  being  supplied  to  a  single  coil  and  distributor  system 
for  this  purpose.  The  generator  is  bolted  to  an  extension  on  the 
right  side  forward  of  the  engine  and  is  driven  by  silent  chain  from 
the  crankshaft.  The  generator  is  of  the  third-brush  regulation  type. 
The  field  windings  are  protected  by  a  12-ampere  fuse.  There  is  a 
four-way  switch  for  lighting  circuits. 

Apperson.  The  &-volt  two-wire  system  is  shown  in  Kg.  231, 
The  generator  is  of  the  third-brush  regulation  type.  A.  "charge 
indicator"  is  fitted  instead  of  an  ammeter,  having  three  readings — - 
charge,  floating,  and  discharge.  Floating  is  the  neutral  position 
and  the  indicator  should  show  this  when  the  engine  is  stopped  and 
no  lights  are  on,  and  may  show  either  charge  or  floating  at  car 
speeds  in  excess  of  12  miles  per  hour  with  lights  on,  according  to 
the  condition  of  the  battery.  Generator  fields  are  protected  by  a 
12-ampere  fuse. 

Scripp»-Booth,  In  thb  connection  is  used  the  12-vott  single- 
wire  system  employing  a  single  unit  or  dynamotor  for  charging 
and  starting.  The  dynamotor  is  driven  by  silent  chain  from  the 
crankshaft.  At  speeds  above  10  miles  per  hour,  it  acts  as  a 
generator  to  charge  the  battery;  at  speeds  below  thb  point,  it 
automatically  acts  as  a  motor  to  drive  the  en^ne.  Control  is  by 
three-way  switch,  having  on,  off,  and  idle  positions,*  In  the  on 
position,  the  dynamotor  is  connected  to  the  battery,  the  generator 

•  ElatUer  model!  liki.Si«.  232  ii»d  «  two-way  jwiwh,  .      .  ,    ,.     ,  ,.  ,.  .i. .. 
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field  circuit  is  closed,  and  the  ignition  circuit  is  closed.  This  is 
the  normal  operating  position.  In  the  off  position,  all  circuits 
are  opened  and  the  ear  cannot  be  run.    Shifting  the  switch  to  the 


idh  position  closes  the  ignition  circuit  so  that  the  engine  can  be 
operated,  but  the  dynamotor  is  disconnected  from  the  battery 
and  its  field  circuit  is  opened   so  that  it  eenerates  no  current. 
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Rg.  232  shows  the  wiring  diagram  as  used  on  the  earlier  models  of 
the  Scnpps-Booth,  while  Fig.  233  is  the  diagram  of  later  models 


of  the  same  make.    A  current  indicator  shows  the  operation  of 
the  system  and  a  four-way  lighting  switch  is  employed.    Tbe^n- 
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erator   produces  current  at   12  volts   and   charges  the   storage 
battery  cells  in  series.    Fourteeu-volt  tungsten  lamps  are  used. 


Instructions.    Wijiton.    No  charge  reading  will  be  indicated  on 
the  ammeter  when  the  engine  is  nmning  (on  high  gear  or  direct 
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drive)  at  a  car  speed  of  less  than  10  miles  per  hour.  Failure  to  indi- 
cate a  charge  at  speeds  higher  than  this  is  a  sign  that  the  generator 
belt  is  too  loose  or  that  the  generator  itself  is  inoperative.  To 
determine  this,  remove  No.  10  black  wire,  Fig.  232,  connected  to 
No.  6  post  on  the  terminal  block,  which  goes  into  the  aluminum  box 
above  it.  Connect  a  voltmeter  between  this  wire  and  the  chassis 
and  run  the  engine  at  a  speed  corresponding  to  a  travel  of  15  miles 
per  hour  on  high  gear.  The  voltmeter  should  indicate  7.3  to  7.4 
volts.  Instructions  regarding  brushes,  commutator,  and  tests  of 
armature-  and  field-winding  circuits  with  the  aid  of  testing  lamp  as 
given  in  connection  with  the  Auto-Lite  system  apply  to  determine 
the  nature  of  the  fault  in  the  generator,  A  special  disconnecting 
plug  is  incorporated  in  the  regulator  box  on  top  of  the  generator. 
This  plug  has  two  flat  parallel  faces  and  should  never  rest  in  its 
receptacle  so  that  these  flat  faces  stand  in  a  vertical  position,  but 
should  be  pushed  in  and  turned  in  either  direction  past  its  central 
position  until  it  locks.  When  making  tests  for  generator  faults  see 
that  this  plug  is  in  the  proper  position  to  close  the  generator  circuit. 
To  remove  the  regulator  box  from  the  generator,  the  discon- 
necting plug  should  be  pushed  in  and  turned  to  its  central  position 
when  the  plug  may  be  withdrawn  from  its  socket.  After  removing 
the  plug,  the  knurled  screw  on  top  of  the  regulator  box  should  be 
loosened  and  the  box  lifted  by  grasping  it  and  the  plug  receptacle 
at  the  same  time.  Do  not  hammer  the  receptacle  in  order  to  release 
the  box.  If  the  disconnecting  plug  is  round  and  knurled  on  the 
portion  extending  from  the  receptacle,  the  plug  may  be  withdrawn 
when  the  V^roove  extending  horizontally  on  the  plug  matches  with 
the  slot  at  the  top  of  the  receptacle.  The  plug  should  never  be  left 
in  this  position,  but  should  be  turned  in  either  direction  until  it 
springs  forward  and  locks.  Every  five  hundred  miles,  this  discon-  ■ 
necting  plug  should  be  pushed  inwardly  to  unlock  it,  and  turned  past 
its  vertical  position  imtil  it  springs  forward  and  locks.  In  carrying 
out  any  repairs  or  tests  involving  the  disconnection  of  any  of  the 
wires  which  might  cause  a  short  circuit  by  coming  in  contact  with 
metal  parts  of  the  car,  the  cable  connected  to  the  positive  terminal 
of  the  battery  should  be  disconnected  and  its  bare  end  taped.  This 
naturally  applies  to  all  grounded  electrical  systems  and  not  merely 
to  the  car  under  consideration. 
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Jeffery  {Chesterfield  Six).  Instructions  for  failure  of  generator, 
starting  motor,  lamp  circuita,  etc.,  are  the  same  as  those  given  in 
connection  with  other  installations,  except  that  in  making  tests  the 
fact  that  two-wire  circuits  are  employed  must  be  borne  in  mind  and 
comiections  made  accordingly.  The  headlighta  supplied  are  special 
double-filament  lamps,  one  of  the  filaments  being  out  of  focus  to 
provide  a  non-glaring  light  for  city  driving.  Where  emergency 
replacements  are  made  with  standard  single-filameitt  lamps  (double- 
contact  type),  the  lamp  controller  should  be  turned  to  the  in  focus 
bright  position  when  the  head  lamps  are  to  be  used.  It  is  not  posa- 
ble  to  dim  the  lights  under  these  conditions.  In  making  a  head- 
lamp double-filament  bulb  replacement,  the  lamp  controller  should 
be  turned  to  the  out  of  focus  dim  position.  The  new  bulb  should 
then  be  inserted  in  its  socket.  The  out-of-focus  filament  in  each 
headlight  should  then  bum  dimly.  If  they  do  not,  the  last  bulb 
inserted  in  its  socket  should  be  removed,  reversed,  and  replaced. 
When  bulbs  are  correctly  inserted,  the  two  out-of-focus  filaments 
mil  bum  dimly  when  the  lamp  controller  is  turned  to  the  out  of 
focus  dim  position.  Instructions  for  the  use  of  the  disconnecting 
plug  are  the  same  as  for  the  Winton. 

To  determine  whether  generator  is  inoperative  remove  wire 
leading  from  the  ammeter  to  No.  5  post  of  the  junction  and  fuse 
block.  Fig.  229,  then  connect  voltmeter  to  terminals  2  and  5  and  run 
engine  as  previously  directed.  A  fuse  is  in  the  ground  circuit  be- 
tween the  magneto  tap  and  the  lamp  controller  and  this  fuse  will 
blow  if  an  accidental  ground  is  made  on  either  side  of  the  system. 
The  blowing  of  this  fuse  when  the  lamp  controller  is  in  the  off  posi- 
tion, shows  that  the  accidental  ground  causing  it  is  on  the  positive 
side  of  the  system.  Should  the  ground  fuse  blow  when  the  lamp 
controller  is  in  the  all  bright  or  out  of  focus  bright  positions,  it  shows 
that  the  accidental  ground  is  on  the  negative  side  of  the  system. 
In  testing  the  wiring  to  locate  grounds,  the  headlight  bulbs  should 
be  removed  and  the  ground  wire  leading  to  connecting  post  No,  7 
of  the  fuse  and  terminal  block  should  be  disconnected,  and  the 
magneto  switch  should  be  placed  in  the  mnning  position.  With 
the  ground  fuse  blown,  the  following  lighting  conditions  obtain. 
Controller  at  in  focus  bright  position,  lamps  will  bum  normally.  At 
out  of  focus  bright  portion  lamps  will  not  light;  at  aU  bright  position 
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only  the  Jn-focus  filaments  will  light.  At  the  mU  of  focus  dim  position 
all  the  lamps  will  light. 

Hupp.  General  instructions  covering  failure  of  generator, 
starter,  or  lamp  circuits  apply  as  already  given.  Many  other  impor- 
tant factors  might  be  mentioned  such  asopen  circuit, looseeonnections, 
blown  generator  fuse,  corroded  battery  terminal,  and  brushes  not 
seated  properly.  If  the  starting  motor  is  damaged  so  that  its  removal 
is  necessary,  it  should  be  removed  by  disconnecting  one  of  the  battery 
terminals  and  the  two  small  wires  B  and  C  as  shown  on  the  diagram, 
Fig.  230,  Next  remove  heavy  cables  A  and  D  from  the  starting 
motor.  The  holding  nuts  on  the  motor  can  then  be  loosened  to  permit 
its  removal.  In  replacing  a  starting  motor,  the  pinion  riding  on  the 
square  shaft  of  the  motor  should  be  tested  to  see  that  it  has  a  free 
sliding  fit  on  the  shaft.  Do  not  use  a  file  but  see  that  all  surfaces  are 
perfectly  clean  and  well  oiled.  The  pinion  must  be  guided  over  the 
shaft  before  the  motor  is  pushed  into  place.  Connect  the  new  motor 
in  accordance  with  the  wiring  diagram.  Do  not  make  storage-battery 
connections  until  all  other  connections  have  been  made  and  while 
repairs  are  being  carried  out  battery  terminals  should  be  protected. 

In  case  an  inoperative  starting  motor  is  removed  and  a  new  one 
is  not  immediately  available  for  installation,  the  car  may  be  run 
with  the  hand-starting  crank  by  proceeding  as  follows:  Terminals 
on  the  end  of  cable  A  and  the  wires  B  and  C  must  be  connected 
together  by  binding  tightly  with  bare  copper  wire  and  then  thor- 
oughly taping  so  as  to  form  a  good  electrical  joint  that  is  well  insu- 
lated. Secure  the  cables  and  wires  to  adjacent  parts  of  the  car  with 
the  aid  of  cord  or  insulating  tape  (not  with  wire)  so  that  they  cannot 
be  chafed  or  otherwise  injured  by  moving  about  while  the  car  is 
running.  The  heavy  cable  D  must  be  similarly  taped  and  secured. 
The  lighting  system  is  then  independent  of  the  starting  system. 
By  making  a  study  of  the  wiring  diagram  and  carefully  noting 
the  different  circuits,  the  starting  circuit  may  be  isolated  from  the 
lighting  circuits  on  any  car  having  a  two-unit  system.  Before 
replacing  a  blown  fuse  always  examine  for  grounds,  short-circuits, 
or  defective  bulbs.  Never  replace  a  blown  fuse  with  anything 
but  another  of  the  same  capacity.  If  it  is  necessary  to  use  the 
car  before  the  trouble  can  be  located,  the  grounded  circuit  can  be 
left  open  by  omitting  its  fuse.     When  all  lights  fail  this  is  due  to  an 


356  ELECTRICAL  EQUIPMENT 

open  circuit  between  the  battery  and  the  fuse  block.  Examine 
the  battery  connections  carefully  and  also  connections  of  the  cable  A 
and  wire  C  when  they  are  connected  to  the  starting  motor;  also 
examine  the  connections  E  at  the  ignition  switch,  F  at  the  lighting 
switch,  and  the  fuse  block.  If  all  of  these  connections  are  clean  and 
tight,  making  good  electrical  contact,  there  is  a  broken  wire  between 
these  points  and  the  various  circuits  should  be  tried  with  the  testing 
lamp. 

Before  making  the  usual  tests  for  an  inoperative  generator 
see  that  the  fuse  protecting  the  field  windings  is  intact.  If  this 
fuse  has  not  blown  and  all  connections  are  tight  and  properiy  made, 
remove  wire  from  B  which  connects  the  generator  to  one  terminal 
of  the  starting  motor,  and  connect  an  ammeter  in  this  circuit. 
Run  the  engine  at  a  good  speed,  equivalent  to  15  miles  per  hour 
or  more.  If  the  ammeter  shows  no  current,  while  the  commutator 
is  bright,  brushes  bearing  on  it  properly,  and  the  battery  connections 
are  all  right,  test  the  armature  and  field  windings  with  a  lamp 
outfit  to  locate  short-circuited  windings.  Do  not  remove  the  gen- 
erator unless  another  is  available  for  immediate  installation.  If 
it  is  necessary  to  run  the  car  with  the  generator  inoperative,  the 
field  fuse  should  be  removed  as  a  precaution  against  damage.  To 
take  the  generator  off,  remove  the  circular  cover  plate  from  the 
front  end  of  the  chain  case  and  take  out  the  three  bolts  holding 
the  generator  to  the  rear  side  of  the  chain  case.  The  driving  chain 
should  be  supported  through  the  opening  at  the  front  to  prevent 
it  from  falling  to  the  bottom  of  the  chain  case.  It  is  not  necessary 
to  remove  a  pin  connecting  the  links  together.  The  chain  may 
be  tightened  by  loosening  the  three  bolts  mentioned  and  swinging 
the  generator  outward  until  the  slack  is  taken  up  and  then  retight- 
ening  the  bolts. 

Apperson.  The  generator  on  the  Apperson  system  has  a  fuse 
protecting  the  field  circuit,  Fig.  231.  Open  connections  between  the 
generator  and  the  battery  will  blow  this  fuse.  It  is  located  on  the 
end  of  the  generator  adjacent  to  the  terminals  and  ia  protected 
by  an  aluminum  housing.  To  examine,  remove  the  latter  by  taking 
out  its  two  holding  screws.  The  fuse  is  of  the  standard  glass-tube 
type  and  may  be  hfted  out  of  its  clips  with  the  thumb  and  finger. 
Do  not  attempt  to  pry  a  fuse  out  of  its  clips  with  a  screwdriver 
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or  other  tool.  Before  replacing  a  blown  fuse  examine  all  connections 
and  wiring  to  see  that  they  are  in  good  condition.  The  engine 
must  never  be  run  with  the  battery  disconnected,  as  this  will  blow 
the  generator-field  fuse.  These  instructions  apply  to  all  generators 
equipped  with  field  fuses,  although  the  placing  of  the  latter  will 
naturally  differ  in  other  systems.  Instructions  for  testing  circuits 
are  the  same  as  those  for  other  two-wire  systems.  There  are  no 
grounds  except  in  the  ignition  system.  Tests  for  inoperative 
generator  or  starting  motor  and  instructions  for  the  removal  of  either 
of  these  units  are  the  same  as  already  given. 

Scripps-Bootk.  With  the  higher  voltage  battery  supplied 
(12-voit)  in  the  single-unit  system  employed  on  this  car,  the  cells 
are  of  considerably  smaller  capacity  (35-ampere-hour  as  compared 
with  80-ampere-hour  on  the  Apperson  and  120-smpere-hour  on 
the  Winton) ,  so  that  if  the  car  has  been  left  standing  for  long  periods 
with  the  lamps  on,  or  is  only  run  for  short  periods  during  the  day- 
time, thus  giving  the  battery  no  opportunity  to  become  fully  chatted, 
it  will  not  have  sufficient  capacity  to  start  the  engine.  As  the  motor- 
generator  (dynamotor)  automatically  reverses  its  functions  in 
accordance  with  the  speed  at  which  it  is  being  driven  by  the  engine, 
the  latter  should  not  be  run  with  the  switch  in  the  on  portion  at 
speeds  corresponding  to  a  travel  of  less  than  10  miles  per  hour.  Under 
such  conditions,  as  when  the  car  is  left  standing  with  the  motor 
idling  slowly,  or  when  driving  at  a  very  slow  pace  as  in  congested 
traffic,  the  switch  should  be  placed  at  the  idle  position.  Should 
the  engine  stall  when  the  switch  is  at  the  idle  position,  it  should 
be  shifted  immediately  to  the  on  position.  For  failure  of  the  current 
indicator  to  work  see  instructions  on  this  point  on  page  353. 
The  indicator  should  never  show  diacharge  when  the  car  is  running 
above  12  miles  per  hour. 

If  necesaty  requires  the  operation  of  the  car  with  the  battery 
disconnected,  disconnect  the  wires  from  the  generator  at  the 
machine,  as  otherwise  it  is  liable  to  injury.  On  the  earlier  Scripps- 
Booth  modeh.  Fig.  232,  the  engine  should  not  be  used  as  a  brake  in 
running  down  hill  except  in  emergencies,  but  on  later  models,  Fig. 
233,  this  may  be  done  without  injury  to  the  dynamotor  by 
throwing  the  switch  to  the  off  position.  By  referring  to  the  wiring 
diagram  it  will  be  noted  that  the  shmud-lamp  and  cowl-lamp  bulbs 
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are  of  the  double-contact  type;  all  others  are  of  the  angle-contact 
type.  All  must  be  14-volt  lamps,  15  c.p.  and  4  c.p.  in  the  headlights 
and  2  c.p.  for  the  others. 

Packard.  Fig.  234  is  the  wiring  diagram  of  the  Packard  twelve- 
cylinder  motor,  showing  all  connections  for  the  ignition,  starting,  and 
Ughting.  Be^miing  at  the  left,  are  the  double  headlights  and  their 
connections,  just  back  of  them,  the  twelve-cylinder  distributor  and  its 
connections  to  the  twelve  spark  plugs,  in  groups  of  six.  This  dis- 
tributor is  illustrated  in  the  preceding  ignition  section.  It  is  prac- 
tically two  six-cylinder  distributor  units,  each  of  which  has  its  own 
induction  coil,  though  both  paturally  must  run  synchronously,  i,e., 
they  are  timed  together,  as  the  ignition  alternates  from  one  group  of 
cyhnders  to  the  other.  The  secondary  cables  are  represented  by 
double  hnes  which  are  shown  part  solid  and  part  open,  to  distinguish 
them  from  other  wires.  To  the  right  of  the  two  coils,  in  the  lower 
central  part  of  the  diagram,  is  the  junction  box,  incorporating  all  the 
lighting-circuit  fuses.  Further  to  the  right  of  this,  the  "switchboard" 
is  a  unit  mounted  at  the  head  of  the  steering  column  of  the  car  and 
which  brings  to  one  convenient  point  within  easy  reach,  all  the  light- 
ing as  well  as  the  ignition  switches. 

To  indicate  the  heavy  cables  of  the  starting  circuit,  a  double  line 
is  used  with  cross  lines  at  short  intervals.  Two-wire  connections  are 
used  throughout  the  entire  system,  barring  the  ignition.  On  the 
motor  the  high-  and  low-tension  wiring  is  readily  distinguishable  by 
the  difference  In  size,  the  low-tension  wires  having  the  thinner  insu- 
lation. The  low-tension  current  is  carried  in  a  complete  two-wire 
circuit  not  grounded  at  any  point.  The  high-tension  current  is 
grounded  from  the  spark-plug  body,  through  the  motor  to  the  coil 
bracket.  The  starting  circuit  may  readily  be  traced  by  its  heavy 
connections,  and  it  will  be  noted  that  it  is  the  shortest  and  most 
direct  circuit  in  the  system.  Referring  to  the  junction  box,  the 
strap  shown  connecting  posts  A  and  B  is  used  in  this  way  in  aU 
states  the  laws  of  which  allow  direct  control  of  the  tail  light  from  the 
driver's  seat.  With  this  arrangement,  the  dash  and  tail  lamps  are 
in  parallel  and  both  are  protected  by  the  tail-lamp  circuit  fuse. 
For  states  requiring  an  independent  tail-lamp  circuit,  such  as 
Illinois,  this  strap  is  connected  across  posts  B  and  C;  with  this 
arrangement,  the  dome-hght  fuse  protects  the  tail  light,  while  the 
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tul-light  fuse  protects  the  dash  light.  All  wires  are  run  in  conduits, 
the  various  circuits  enclosed  in  each  conduit  being  indicated  at  dif- 
ferent points  on  the  diagram.  High-tension  wires  from  distributors 
to  spark  plugs  are  carried  in  tubes  supported  on  the  cylinder  blocks. 

BOSCH-RUSHMORE  SYSTEM 
Twelve-Volt;  Two-Unit;  Single-Wire 

Generator.  The  bipolar  shunt-wound  type  of  generator  is 
made  in  two  sizes,  one  for  driving  from  pump  shaft,  and  the  other 
for  silent-chain  or  belt  drive. 

Regulation.  BaUaat  Coil  Employed.  The  regulation  is  the 
inherent  type,  using  a  bucldng-coil  windmg  in  ciSnjunction  with  a 
so-called  "ballast  coil"  which  automatically  cuts  the  bucking  coil 
in  or  out  of  the  circuit,  according  to  the  resistance  of  the  ballast 
coil.  Mention  has  been  made  in  Elementary  Electrical  Principles, 
Part  I,  that  the  resistance  of  certain  metals  increases  greatly  with  an 
increase  in  their  temperature.  This  is  particularly  the  case  with  iron, 
and  advantage  has  been  taken  of  this  fact  in  the  Bosch-Hushmore 
generator.  The  ballast  coil  consists  of  a  few  turns  of  fine  iron 
wire  on  a  fluted  porcelain  rod.  The  bucking  cQil,  which  is  simply  a 
reversed  field  winding,  has  a  polarity  opposite  to  that  of  the  winding 
employed  to  excite  the  field  magnets.  Consequently,  when  a  current 
passes  through  it,  the  effect  is  to  oppose  the  excitation  of  the  field 
magnets.  The  bucking  coil  is  connected  as  a  shunt  across  the  iron 
ballast  coil.  Fig.  148.  The  resistance  of  the  bucking  coil  is  consider- 
ably greater  than  that  of  the  ballast  coil  when  the  iron  wire  is  cold  or 
only  warm,  so  that  at  low  engine  speeds  practically  all  the  current 
generated  passes  tlirough  the  shunt  winding  of  the  dynamo.  How- 
ever, the  resistance  of  the  wire  increases  at  a  constant  rate  with  the 
current  up  to  10  amperes,  after  which  it  increases  very  suddenly  owing 
to  the  heating  effect  of  the  current  in  the  iron.  Any  current  in  excess 
of  10  amperes  accordingly  must  pass  through  the  bucking  coil,  which 
consequently  tends  to  limit  the  output  of  the  generator  to  that  amount 
of  current. 

Starting  Motor.  Method  of  Operation.  This  is  the  series* 
wound  bipolar  type,  as  illustrated  in  section,  Fig.  155,  which 
shows  the  field  windings  as  cut  in  half.  As  the  illustration  is  to  scale, 
the  large  ^ze  of  the  conductors  in  a  series-wound  field  will  be  noted, 
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this  being  necessary  owing  to  the  heavy  current  required  to  operate 
a  starting  motor.  The  starter  pinion  is  mounted  directly  on  the 
armature  shaft  without  any  intermediate  gearing  and  the  engagement 
of  this  pinion  with  the  flywheel  gear  is  automatic,  as  will  be  made 
clear  by  referring  to  Fig.  155,  and  to  Fig.  165,  showing  the  mounting 
of  the  Bosch  starter  on  an  automobile  motor. 

Refer  back  for  a  moment  to  the  description  of  magnetic  fields 
under  Electrical  Principles,  Part  I.  See  also  the  description  of  the 
action  of  a  solenoid.  It  will  be  noted  that  every  magnet  has  a 
magnetic  circuit  and  that  the  lines  of  force  comprising  it  are  most 
numerous  in  close  proximity  to  the  poles  of  the  magnet.  In  other 
words,  the  magnetic  attraction  is  most  intense  at  those  points.  The 
magnetic  poles  of  the  field  of  the  Bosch  starter  are  the  metal  projections 
each  of  which  is  held  in  place  by  two  machine  screws,  top  and  bottom, 
as  will  be  seen  in  the  sectional  view.  It  will  also  be  plain  that  the 
armature  of  the  starting  motor  ia  not  directly  in  the  magnetic  field 
of  these  poles,  and  that  it  Is  held  in  this  off-center  position  by  the 
spring  pressing  against  its  shaft  as  seen  at  the  left.  The  moment 
the  switch  is  closed,  however,  and  the  field  magnets  are  excited, 
the  whole  motor  acts  as  a  solenoid  and  forcibly  pulls  its  armature 
into  a  central  position  against  the  spring,  at  the  same  time  as  it 
begins  to  revolve.  This  gives  Ideal  conditions  for  meshing  the 
starter  pinion  with  the  flywheel  gear,  as  it  is  pulled  against  the 
latter  and  at  the  same  time  revolved,  so  that  the  moment  Its  teeth 
correspond  with  spaces  in  the  flywheel  gear,  it  slips  into  engagement 
and  begins  to  turn  the  engine  over.  As  soon  as  the  current  is  cut 
off  by  opening  the  switch,  the  spring  returns  the  armature  to  its 
normal  inoperative  position  and  disengages  the  gears. 

Starting  Sioitch.  There  are  two  contacts  on  the  starting  switch, 
the  first  sending  only  a  small  amount  of  current  through  the  starting 
motor,  this  being  just  suflScient  to  pull  the  armature  into  center 
and  engage  the  gears,  when  a  further  movement  of  the  switch  sends 
the  full  current  from  the  battery  through  the  starting  motor.  This 
progressive  movement  of  the  switch  and  the  two  circuits  between 
the  battery  and  starting  motor  are  shown  in  Figs.  235  and  236. 
It  will  be  noted  that  the  first  movement  of  the  switch  throws  the 
field  of  the  starter  in  shunt  with  its  armature,  thus  causing  it  to 
revolve  slowly,  while  the  further  movement  of  the  switch  places 
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the  field  in  series.    Fig.  237  shows  the  actual  wiring  digram  of  the 
starting-motor  circuit.     In  actual  operation,  the  movement  of  the 


Fie.  :3s.    Wiriii«  Diiwrein  for  Fint  Part 

of  Bii«h  Switch  Pedil 

switch  is  practically  instantaneous.  No  damage  will  result  in  case 
the  switch  is  held  down  after  the  en^ne  starts,  as  the  moment  the 
latter  begins  to  fire,  the  load  on  the  starting  motor  is  greatly  reduced 
and  the  current  consumption  decreases  to  a  point  where  the  field 
coils  no  longer  have  sui&cient  pull  to  overcome  the  spring  on  the 
armature.  The  pinion  on  the  shaft  of  the  latter  is  automatically 
disengaged  from  the  flywheel  gear  and  the  motor  will  only  idle 
dowly,  owing  to  the  armature  being  off  center. 

Instruments  and  Protective  Devices.  A  standard  double-reading 
ammeter  is  supplied.  The  normal  chaining  rate  is  approximately 
20  amperes  with  the  car  running  20  to  25  miles  an  hour  or  over. 

In  addition  to  the  usual  battery  cut-out  which  is  an  essential 
feature  of  most  electric  lighting  and  starUcg  systems  and  will  be 
found  on  most  cars  so  equipped,  whether  it  is  spedfically  mentioned 
in  the  description  of  the  various  systems  or  not,  a  ballast  coil  is 
insert^  in  the  charging  circuit.  This  is  similar  to  the  ballast  coil 
used  in  the  regulation  of  the  generator.   This  ballast  coil  is  controlled 
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by  the  left-hand  button  of  the  switch  (installation  on  Mercer  cars), 
and  its  function  is  to  prevent  overcharging  of  the  battery.     By 
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putting  it  in  the  circuit  the  charging  rate  is  reduced  to  5  amperes. 
Where  a  great  amount  of  day  running  is  done,  it  is  recommended 
that  the  ballast  coil  be  left  in  circuit.  All  circuits,  except  starting 
motor,  but  including  field  coil  of  generator,  are  fused. 

Wiring  Diagram.  The  various  circuits  of  the  single-wire  system, 
as  employed  in  the  Mercer  installation,  are  shown  in  Fig.  237.  The 
automatic  cut-out  for  the  battery  circuit  is  mounted  on  the  generator. 
Ground  connections  are  not  indicated  in  every  instance,  as  in  the 
case  of  the  generator  and  the  starter  they  (ire  made  within  the 
apparatus  itself,  and  this  is  also  the  case  with  the  lamps,  which  are 
known  as  the  single-contact  type.  The  latter  are  employed  in  all 
single-wire  systems.  In  this  case,  they  must  be  12-volt  bulbs  as  six 
cells  of  battery  are  employed.  In  making  lamp  replacements,  only 
bulbs  of  the  proper  type,  i.e.,  single  or  double  contact,  depending 
on  whether  the  system  is  one-  or  two-wire,  and  of  the  proper  voltage 
must  be  used.  This,  of  course,  applies  to  all  electric  systems,  as, 
where  a  6-volt  bulb  Ts  placed  on  a  12-volt  system,  it  will  be  burned 
out  immediately.  A  12-volt  bulb  on  a  6-volt  circuit  will  burn  very 
dimly,  so  that  when  only  one  headlight  bums  brightly  the  voltage 
of  the  dim  burning  bulb  should  be  ascertained  before  looking  for 
trouble  elsewhere.  If  the  manufacturer's  label  has  disappeared 
from  the  bulb,  it  can  be  tested  with  dry  cells,  starting  with  four  in 
series  which  should  make  a  6-volt  bulb  burn  brightly,  and  increasing 
to  eight  in  series  for  a  12-volt  bulb. 

Instructions.  Battery  Charging.  With  all  lamps  on,  the 
lighting  equipment  consumes  about  12  amperes;  the  side  and  taU 
lamps  together  take  about  3  amperes,  so  that  when  the  ammeter 
reading  shows  a  consumption  in  excess  of  these  figures  for  the  condi- 
tions given,  the  usual  tests  should  be  made  for  short  circuits  or 
grounds.  The  latter  will  be  the  case  also  when  the  ammeter  shows 
any  discharge  reading  with  all  lamps  off.  Any  discharge  under 
such  conditions  is  leakage.  However  small  it  may  be,  it  should  be 
investigated  at  once,  as  it  will  run  the  battery  down.  The  trouble 
may  consist  of  a  short  circuit  Iii  one  of  the  lighting  circuits  or  it  may 
be  due  to  current  flowing  back  through  the  generator  caused  by  the 
failure  of  the  cut-out  to  work  properly.  In  case  the  lampjs  bum 
dimly  when  the  gene.-ator  is  at  rest,  it  indicates  that  the  charging 
rate  is  not  sufficient  to  keep  the  battery  up.    "ifhis  ma^^^m^^ed 
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by  a  great  deal  of  night  running  with  the  ballast  coil  in  the  charging 
circuit,  as  the  charging  rate  is  then  only  about  5  amperes.  In  the 
majority  of  instances,  however,  it  will  be  found,  probably,  that 
the  battery  itself  is  res[>onsibIe.  For  instructions  on  battery  main- 
tenance, see  end  of  t-hi^  article. 

The  battery  furnished  on  the  Mercer  has  a  capacity  of  120 
ampere-hours.  The  starting  motor  takes  approximately  200  amperes 
for  its  operation  which,  wkh  the  engine  in  good  condition,  should 
not  consume  more  than  10  seconds  for  each  start.  To  replenbh  the 
current  consumed  by  starting  twelve  times  in  a  day,  or  say  a  total 
of  two  minutes'  ojwraticn  of  the  starting  motor  at  the  200-ampere 
rate,  the  engine  would  have  to  run  only  about  half  an  hour  at  the 
average  chaining  rate  of  15  amperes.  With  the  current  consumed 
by  the  lamps,  based  upon  their  use  for  5  hours  per  night,  plus  the 
natural  deterioration  losses  of  the  battery,  drop  in  efficiency  through 
switches,  contacts,  and  wiring,  approximately  two  hours  of  daylight 
running  would  be  required  to  keep  the  battery  fully  charged.  Night 
running  can  be  disregarded  where  battery  charging  is  concerned, 
as  the  total  consumption  of  the  lamps  is  practically  the  equivalent 
of  the  average  charging  rate.  An  undue  brilliancy  of  the  lamps 
would  indicate  a  battery  wire  off  or  loose  and  should  be 
investigated. 

Fuses.  When  ammeter  shows  no  reading  of  charing  current 
with  the  enpne  running,  the  most  likely  place  to  look  for  the  trouble 
is  the  fuse  protecting  the  generator  field  circuit.  (This  applies  to 
all  generators  so  equipped.)  The  field  fuse  of  the  Bosch-Rusbmore 
generator  is  located  on  the  distributing  board,  and  it  may  be  tested 
by  short-circuiting  the  ends  of  the  fuse  cartridge  with  a  pair  of  pliers, 
a  screw  driver,  or  other  piece  of  metal.  In  case  the  ammeter  then 
registers  a  charging  current,  the  fuse  has  been  blown  out  and  should 
be  replaced  with  another  of  the  same  type  and  capacity.  As  all 
circuits,  except  the  starting  motor,  are  fused,  a  similar  test  can  be 
carried  out  in  case  of  the  failure  of  any  of  them.  The  blowing  of  a 
fuse  is  usually  due  to  a  short  circuit,  and  before  replacing  it,  the 
reading  on  the  ammeter  should  be  noted  when  the  fuse  terminals 
are  short-circuited  with  the  pliers,  the  generator  being  idle.  A 
short  circuit  will  be  indicated  by  the  needle  of  the  ammeter  moving 
sharply  to  the  limit  of  its  travel  on  the  scale.   The  use  of  the  testing 
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lamp  for  finding  short  circuits  is  given  in  connection  with  the  instmo 
tions  under  Auto-Lite,  Delco,  Gray  &  Davis,  and  other  systems. 

Gear  Meahing.  Faliure  of  the  starting  motor  to  operate  will  be 
due  to  an  exhausted  battery  in  the  majority  of  instances,  but  on 
cars  that  have  seen  considerable  service,  it  may  be  caused  by  a 
settling  or  distortion  of  the  frame  resulting  in  binding  of  the  gear 
teeth  too  tightly.  This  may  be  corrected  by  readjusting  the  mounting 
of  the  starting  motor  in  its  supporting  cradle  so  that  the  gears  mesh 
quite  loosely.  It  should^always  be  possible  to  push  the  gears  into 
mesh  by  hand  without  any  effort.  Unusually  slow  operation  of  the 
starting  switch  may  also  cause  failure  of  the  starting  motor  to 
operate  properly.  The  first  contact  of  the  switch  places  a  small 
resistance  in  the  circuit  and  too  long  a  delay  may  overheat  this 
resistance  to  such  an  extent  as  to  bura  it  out.  Over-rapid  operation 
of  the  switch  may  also  cause  failure  to  start  as  the  gears  are  not 
allowed  to  mesh.  This  will  be  indicated  by  their  clashing  and  by 
the  spinning  of  the  starting  motor.  The  switch  should  be  given  a 
comparatively  slow  but  steady  movement  from  first  to  second  contact. 
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ELECTRIC    STARTING   AND   LIQHTINQ 

SYSTEMS— (Continued) 


PRACTICAL  ANALYSIS  OF  TYPES— (Continued) 

DELCO   SYSTEM 

Six-Volt;  Single-Unit;  Sinsle>Wir« 

Dynamotor.  The  dynamotor  is  usually  referred  to  as  a  motor- 
generator,  though  it  is  actually  a  generator-motor,  i.e.,  a  dynamo- 
motor  which  has  been  shortened  to  dynamotor.  This  term  has  been 
a^lopted  by  the  Society  of  Automobile  Engineers  to  designate  the 
combination  unit  in  question.  A  motor-generator  as  employed  for 
transforming  alternating  current  to  direct  current  consists  of  two 
separate  units:  a  motor  driven  by  alternating  current  and  a  dynamo 
generating  direct  current,  mounted  on  the  same  bed,  and  with  their 
armature  shafts  directly  coupled. 

The  Delco  single-unit  machine  consists  of  two  separate  field 
windings  and  two  independent  armature  windings,  the  latter  being 
connected  to  separate  commutators  at  either  end  of  the  shaft.  In 
combination  with  this  is  an  ignition  timer  and  distributor  mounted 
at  the  generator'  end  and  driven  from  the  armature  shaft  through 
spiral  gears.  The  generator  is  driven  from  the  pump  shaft  of  the 
engine  through  an  over-running  clutch  which  permits  the  armature 
to  run  free  when  the  unit  is  operating  as  a  starting  motor.  At  the 
starter  end,  the  armature  shaft  carries  a  small  pinion  meshing  with 
the  larger  unit  of  a  pair  of  sliding  gears,  the  smaller  of  which  is 
adapted  to  slide  into  engagement  with  the  gear  ring  of  the  flywheel. 
This  arrangement  is  shown  clearly  in  Fig.  238;  it  provides  a  double 
gear  reduction  between  the  starting  motor  and  the  engine.    In  the 
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smaller  of  the  two  sliding  gears  is  incorporated  an  over-running 
clutch  which  releases  the  starting  motor  from  the  engine  in  case  the 
latter  should  be  speeded  up  without  disengaging  the  starting  gears, 
thus  preventing  damage  to  the  starting  motor  by  running  it  at  an 


ControL  The  necessary  switches  for  putting  the  generator  in 
circuit  to  charge  the  battery,  and  to  cut  it  out  of  this  circuit  and  put 
the  starting  motor  in  circuit  with  the  battery  to  turn  the  engine 
over,  are  built  into  the  machine  and  take  the  form  of  lifting  brushes. 
Their  operation  is  as  follows: 

To  start,  the  ignition  button  on  the  switch  panel  on  the  dash  is 
first  pulled  out.    This  connects  the  storage  battery  with  the  ignition 


Fig.  Z3S.    Dinsmni  of  Delco  Dynamotoi  for  SinAle-Unit  Syitem 

circuit  and  with  the  armature  of  the  dynamotor  through  a  resistance 
which  permits  only  a  current  of  small  value  to  pass.  This  current 
motorizea  the  generator  and  causes  its  armature  to  rotate  slowly, 
giving  it  just  enough  speed  to  facilitate  the  meshing  of  the  starting 
gears.  The  starting  pedal  is  then  depressed  and  during  the  first 
part  of  its  travel  it  serves  to  engage  the  gears.  Fig.  238.  Then  it 
withdraws  the  pin  P,  Fig.  239,  allowing  the  motor  brush  switch  to 
make  contact  with  the  motor  commutator.  At  the  same  time  it 
causes  the  generator  switch  to  open,  thus  cutting  out  the  generator 
during  the  cranking  operation.  As  soon  as  the  motor  brush  makes 
contact,  the  full  current  from  the  battery  passes  through  the  series- 
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field  winding  of  the  motor  clement  and  through  the  corresponding 
armature  windings,  and  sets  the  armature  rotating  at  full  speed. 


The  starter  pedal  is  returned  to  the  open  portion  by  a  spring 
and  as  ,wcd  as  it  is  released,  the  motor  brush  is  lifted  from  its  com- 
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mutator  and  the  generator  switch  is  closed,  thus  cutting  out  the 
motor  windings  and  connecting  the  unit  to  the  storage  battery  as  a 
generator.    Charging  begins  when  the  engine  reaches  a  speed 

corresponding  to  7  miles  per  hour. 

Regulation.  Constant-Voltage 
Control  Type.  Of  the  four  types  pro- 
duced the  first  employs  a  resistance 
variable  in  accordance  with  the  speed , 
The  regulator  consists  of  a  solenoid 
the  core  of  which  has  a  spool  of 
resistance  wire  wound  on  its  lower 
end,  Rg.  240.  This  core  or  plimger  C 
floats  in  a  bath  of  mercury,  and,  in 
accordance  with  the  depth  to  which 
it  sinks  in  the  mercury,  more  or  less 
of  the  resistance  wire  is  short-cir- 
cuited by  the  mercury.  The  solenoid 
winding  A  is  connected  in  shunt 
across  the  generator  terminals  so  the 
current  flowing  through  it  and  the 
magnetic  effect  exerted  by  it  are 
always  proportional  to  the  voltage 
at  the  generator  terminals.  The 
resistance  wire  on  the  plunger  of  the 
solenoid  is  in  series  with  the  shunt- 
field  winding  of  the  generator.  If 
there  were  no  other  forces  than  the 
buoyancy  of  the  mercury  and  that 
of  gravity  acting  upon  the  plunger  it 
would  remain  at  approximately  the 
same  height,  but  as  the  plunger  is 
iron  it  is  acted  upon  by  the  solenoid 
winding,  the  effect  being  to  withdraw 
Fii.  240.   Section  showim  Deico        it  from  the  mercuTy  as  the  current 

Mercury-Bath  Vnliaeo  Regulator  ,  , 

through  the  winding  of  the  solenoid 
increases,  thus  putting  more  and  more  of  the  turns  of  resistance 
wire  on  the  spool  in  circuit.  Hence,  the  greater  the  current  flowing 
through  the  solenoid  the  greater  will  be  the  resi^nc^,  i^^(^\\hi  jvith 
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the  shunt-field  binding  of  the  generator.  To  overcome  the  effect  of 
temperature  variation  on  its  operation  which  would  cause  the  charging 
rat«  to  be  higher  than  intended  at  high  temperatures,  and  vice  versa,  the 
solenoid  is  wound  and  connected  in  series  with  a  re^tance  wire  of 
special  material  having  a  negative  temperature  coefficient  (i.e.,  whose 
electrical  resistance  decreases  with  an  increase  in  temperature),  so 
that  the  total  reastance  of  the  solenoid  circuit  remains  the  same 
regardless  of  temperature  changes.  With  a  few  exceptions,  such  as 
the  Olds  1915  Model  55,  this  method  of  voltage  regulation  is  not 
employed  on  cars  subsequent  to  1914. 

Bvcking-Coil  Type.  This  is  the  type  of  regulation  usually 
referred  to  as  inJwrerU  in  that  it  is  accomplished  by  the  windings  of 
the  generator  itself.  The  latter  is  compound  wound  but  the  series 
field  has  a  reversed  polarity,  so  that  its  effect  is  to  oppose  that  of 
the  shunt  winding. 

Mechanically  Varied  Rematance.  ■  In  this  type  the  same  prin- 
ciple as  that  employed  in  the  first  type  described  is  used,  i.e.,  that 
of  weakening  the  generator  field  by  increasing  the  amount  of  resist- 
ance in  circuit  with  it  in  accordance  with  the  speed,  except  that  it  is 
varied  by  mechanical  means  instead  of  electrical.  The  regulator 
resistance  is  in  the  form  of  a  rheostat,  the  arm  of  which  is  controlled 
by  a  centrifugal  governor  driven  from  the  shaft  of  the  ignition  dis- 
tributor. As  the  weighted  element  of  the  governor  expands  under 
the  influence  of  the  increasing  speed,  it  moves  the  arm  of  the  rheostat 
over  the  contacts  each  of  which  represents  an  added  resistance  to 
the  circuit. 

Both  the  bucking-coil  type  and  the  mechanically  varied  type  of 
regulation  are  employed  in  Delco  systems  installed  on  1915  and 
subsequent  cars,  different  models  of  the  same  make  and  the  same 
year  having  different  systems,  so  that  instructions  for  their  main- 
tenance depend  upon  the  system  employed. 

ThirS^Bruah  Method.  As  the  voltage  generated  varies  Erectly 
with  the  speed,  it  is  evident  that  to  maintain  a  nearly  constant 
voltage  with  a  variable  speed,  it  becomes  necessary  to  decrease  the 
magnetic  field  as  the  speed  increases.  Since  the  magnetic  field  «rf 
the  generator  is  produced  by  the  current  in  the  shunt-field  winding, 
a  decrease  in  this  current  as  the  speed  increases  will  regulate  the 
output.    Bearing  in  mind  that  a  current  always  produce  v^i^WAg- 
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netic  field,  whether  the  latter  \a  dedred  or  not,the  theory  of  this 
method  of  regidation  will  be  clear  from  the  foUowing  reference  to 
Fig.  24L  The  full  voltage  of  the  generator  is  obtained  from  the 
brushes  C  and  D.  When  the  magnetic  fi°ld  from  the  pole  pieces 
N  and  S  is  not  disturbed  by  any  other  influence,  each  coil  is  gener- 
ating uniformly  as  it  passes  under  the  pole  pieces;  the  voltage  from 
one  commutator  bar  to  the  next  is  practically  uniform  all  around 
the  commutator.  Therefore,  the  voltage  from  brush  C  to  brush  E 
is  about  5  volts,  when  the  total  voltage  between  the  main  brushes 
C  and  D  is  6J  volts  and  current  at  5  volts'  pressure  is  supplied  to  the 
sh^in^id  wodi^  ,M.„pr^oc^s  shunt-field  winding.  This 

voltage  is  sufficient  to 
cause  approximately  \\ 
amperes  to  flow  through 
that  winding. 

As  the  speed  in- 
creases, the  voltage  does 
Ukewise,  charging  the 
battery.  This  charging 
current  flows  through  the 
armature  winding  caus- 
ing a  magnetic  effect  in 
the  direction  of  the  arrow 
B  and  the  tatter  acts 
upon  the  mun  magnetic 
field,  which  is  in  the 
direction  of  A,  with  the 
result  that  the  latter  is  twisted  or  distorted  out  of  its  original 
position,  in  much  the  same  manner  as  two  streams  of  water  meet- 
ing are  deflected  from  their  ori^nal  directions.  This  deflection 
causes  the  magnetic  field  to  be  strong  at  the  pole  tips  G  and  F,  and 
weak  at  the  opposite  tips,  with  the  result  that  the  coils  generate  a 
very  low  voltage  while  passing  from  brush  C  to  bnish  E  (the  coils 
at  this  time  are  under  the  pole  tips  having  a  weak  field)  and  produce 
the  greater  part  of  their  voltage  while  passing  from  brush  E  to 
brush  D.  The  amount  of  this  variation  depends  upon  the  speed  at 
which  the  generator  is  driven,  thus  decreasing  the  current  supplied 
to  the  shunt  field  as  the  speed  increases. 
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Protective  Devices.  Battery  Cvt-Ovt.  In  connection  with 
Delco  systems  using  the  voltage  regulator  of  the  mercury  type 
already  described,  a  battery  cut-out  or  a  cut-out  relay,  as  it  is  some- 
times termed,  is  employed.  Fig.  242  shows  this  cut-out  together 
with  a  (Uagram  of  ^ts  windings.  It  consists  essentially  of  a  com- 
pound-wound electromagnet  and  a  set  of  contacts  designed  to  be 
closed  by  the  movement  of  the  pivoted  armature  of  the  magnet, 
and  to  be  opened  by  a  spring  when  the  magnet  is  not  excited.  The 
tompound  winding  consists  of  a  voltage  coil  of  a  great  many  turns 


Cut-Out  Relay 


of  fine  wire,  as  shown  at  the  left  of  the  wiring  diagram,  and  a  ciurent 
coil  of  a  comparatively  few  turns  of  heavier  wire.  As  soon  as  the 
en^ne  begins  to  drive  the  generator  the  voltage  of  the  latter  "builds 
up"  and  when  it  reaches  a  value  between  6j  and  7J  volts,  the  cittrent 
passes  through  the  voltage  binding  of  the  electromagnet  and  pro- 
duces suiEcient  magnetism  to  overcome  the  tension  of  the  spring  B, 
attracting  the  armature  C  to  the  core  D  which  closes  the  contacts 
at  A,  These  contacts  close  the  circuit  between  the  generator  and 
the  storage  battery  and  the  whole  output  of  the  generator  then  flows 
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through  the  current  coil,  greatly  increasing  the  magnetism  in  the 
core  in  the  same  direction  thus  strengthening  the  pull  on  the  arma- 
ture 0  and  holding  the  contacts  tightly  closed.  ^\Tien  the  generator 
slows  down  and  the  voltage  drops  below  that  of  the  battery,  current 
flows  from  the  latter  to  the  generator  through  the  current  coil  in 
the  reverse  direction.  But,  as  the  voltage  coil  is  directly  in  circuit 
with  the  generator,  the  flow  of  current  through  it  continues  in  the 
same  direction,  so  that  the  magnetizing  effect  of  the  battery  current 
through  the  current  coil  opposes  that  produced  by  the  voltage  coil 
and  the  latter  is  not  sufficient  to  hold  the  armature  against  the 
spring.  This  causes  the  contact  to  open  and  prevents  any  further 
flow  from  the  battery  through  the  generator.    The  relay  is  designed 


to  cut  out  the  battery  before  the  discharge  current  reaches  a  value 
of  1  ampere.  As  mentioned  previously,  but  few  cars  subsequent  to 
1914  are  fitted  with  systems  using  the  mereury  voltage  regulator  and 
only  these  systems  are  equipped  vdth  a  battery  cut-out. 

Circuit  Breaker.  Delco  systems  fitted  to  cars  subsequent  to 
1914  are  protected  by  a  circuit  breaker.  This  takes  the  place  of 
the  fuse  block  and  fuses  employed  in  most  other  systems.  It  is 
mounted  on  the  combination  switch  controlling  the  ignition,  gen- 
erator, and  lights,  as  shown  by  Fig,  243.  The  button  M  controls  the 
magneto  ignition  circuit,  and  the  button  B  the  dry-battery  circuit 
for  the  same  purpose.  In  addition  both  these  buttons  control  the 
circuit  between  the  battery  and  the  generator  for  the  purpose  of 
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motorimig  the  latter  to  start.  When  the  circuit  is  closed  by  either 
button  M  at  button  J!,  current  flows  from  the  battery  to  the  gen- 
erator, when  the  engine  is  not  running  and  when  it  is  running  at 
speeds  below  300  r.p.m.,  but  the  amount  of  current  flowing  at  the 
lowest  en^ne  speeds  possible  is  so  small  as  to  be  negligible.  With 
the  engine  stopped,  puUing  out  the  button  M  sends  sufficient  current 
through  the  generator  armature  to  run  it  slowly  as  a  motor  so  that 
the  gears  niay  be  meshed  for  starting.  The  ainount  of  current  thus 
employed  is  Umited  by  a  resistance  unit  in  series  with  the  shunt 
field  of  the  generator. 

In  principle  the  circuit  breaker  is  the  same  as  an  ordinary  elec- 
tric hell  or  buzzer,  but  its  winding  and  the  spring  controlhng  its 
armature  are  such  that  it  comes  into  action  only  when  a  heavy 
current  passes  through  it.  It  is  included  in  every  circuit  of  the 
electrical  system,  including  the  ignition,  with  the  exception  of  the 
starting-motor  drcuit,  so  that  all  the  current  used  for  every  purpose 
except  starting  passes  through  it.  But  as  long  as  the  lamps,  igni- 
tion, and  horn  are  consuming  the  normal  amount  of  current,  it  is 
not  affected.  In  case  any  of  the  wires  of  these  circuits  becomes 
groimded,  however,  a  heavy  current  passes  through  the  circuit 
breaker,  thus  producing  a  strong  magnetic  pull  which  attracts  the 
armature  and  breaks  the  drcuit.  This  cuts  off  the  flow  of  current  and 
the  spring  again  closes  the  contacts,  causing  the  circuit  breaker  to  pass 
an  intermittent  current  by  vibrating  its  armature.  A  current  of  25 
amperes  is  required  to  operate  the  circuit  breaker,  but  once  started  it 
will  continue  to  vibrate  on  a  current  as  low  as  3  to  5  amperes. 

Wiring  Diagrams.  The  Delco  system  is  applied  to  such  a  num- 
ber of  different  makes  of  cars,  frequently  varying  in  detail  not  only 
with  each  succeeding  year's  models  of  the  same  make,  but  also  on 
different  models  of  the  same  make  and  same  year  of  production, 
that  space  would  not  permit  of  reproducing  them  all  here.  While 
these  wiring  diagrams  differ  in  detail,  they  may,  however,  be  divided 
into  three  general  classes  based  upon  the  type  of  regulation  used 
•with  the  generator.  At  least  one  of  each  of  these  classes  of  wiring 
diagrams  is  reproduced  here  and  familiarity  with  them  will  make 
it  easy  to  trace  the  wiring  of  any  system  of  this  make. 

CadiUac.  Wiring  diagram  of  the  1912  model  is  pven  in  Fig. 
244.    Reference  to  a  model  as  early  as  this  is  made  to  show  the  oro-   ' 
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gres^ve  steps  represented  by  each  succeeding  year;  also  because 
there  are  a  great  many  of  these  ears  still  in  use.  Twelve  cells  of 
battery  were  employed  though  the  dynamo  generated  current  at 
7  to  S  volts  (nominally  a  6-volt  system),  and  as  shown  by  the  dia- 
gram which  illustrates  the  connections  of  the  generator  circuit,  the 
battery  was  divided  into  four  groups  of  three  cells  each  in  series- 
multiple  for  charging.  An  ampere-hour  meter  showed  the  state  of 
charge  of  the  battery  and  also  indicated  how  much  current  was 
consumed  by  the  various  circuits, .  including  the  starting  motor. 
Regulation  was  by  means  of  extra  resistance  inserted  in  the, field 
circuit  of  the  generator  and  an  automatic  battery  cut-out  was 
employed.  The  diagram  shown  in  Fig.  244  is  applicable  to  the  con- 
nections of  all  the  Delco  6 — 24-volt  systems  in  use,  when  the  machine 


is  operating  as  a  generator.  The  heavy  lines  indicate  the  main 
charging  circuit.  Fig.  245  shows  the  starting  motor  circuit  of  all  the 
Delco  6 — 24-volt  systems,  and  it  will  be  noted  that  the  cells  of  the 
battery  are  all  in  series  to  supply  current  at  24  volts,  group  No.  4 
being  utilized  to  supply  current  to  the  lamps  at  6  volts. 

Fig.  246  shows  the  wiring  diagram  of  the  Cad'Uac  1914  model. 
This  is  a  straight  6-volt  system,  the  generator  being  provided  with 
tiie  mercury  type  of  voltage  regulator  previously  described  and  an . 
automatic  battery  cut-out.  The  starting-motor  circuit  is  controlled 
by  an  external  switch  and  the  lighting  circuits  are  protected  by  fuses. 
The  eariier  form  of  the  combination  switch  controlling  the  ignition 
and  the  preliminary  motorizing  of  the  generator  for  starting,  is  seen 
at  the  right.    The  1914  diagram  is  essentially  the  same,  the  chief 


ELECTRICAL  EQUIPMENT 


difference    being   the 
substitution     of    the 
motor    brush    switch 
for  the  external  switch 
controlling  the  start- 
ing motor.    The  fuses 
were  also  replaced  by 
two  circuit  breakers, 
one  for  the  main  light- 
ing circuits  and  igni- 
-    tion,   and  the    other 
2    for  the    auxiliary 
z   lamps,  horn,  and  the 
^    gear-changing  sole- 
I    noids,  the   model  of 
^    that    year  being 
B    equipped  with  aa  elec- 
%  trie  magnetic  gear  shift 
J    in  the  transmission. 
^  In  the  1915  wir- 

"1    ing  diagram,  Rg.  247, 
I   the  method  of  regulat- 
Q    ing  the  generator  has 
I   been  changed  to  the 
^    mechanically  varied 
I    resistance  already  de- 
4   scribed.    One  circuit 
breaker    protects    all 
fuses    and    a    rotary 
form  of  combination 
switch  controls  all  the 
circuits. 

Buick.  Two  dif- 
erent  types  are  em- 
ployed on  the  1915 
models,  the  only  dis- 
tinction, however, 
being  in  the  method  of 
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generator  regulation.  That  of  Models  C24  and  C25  is  by  means  of 
the  reversed  spries-field  winding  or  bucking  coil,  while  ^at  of  Models 
C36  and  C37  utilizes  the  mechanically  varied  resistance  or  rheostat 
operated  by  a  centrifugal  governor,  as  shown  in  Fig,  249.  The  buttons 
M  and  B,  in  each  instance,  control  the  ignition  circuit,  depending 
upon  whether  the  storage  or  the  dry  battery  is  called  upon  for  the 
ignition  current  as  well  as  for  the  current  to  motorize  the  generator 
preliminary  to  starting.  The  remaining  three  buttons  of  the  com- 
bination switch  control  the  lights  and  dimming  resistance  and  it  will 
be  noted  that  the  circuit-breaker  forms  a  part  of  every  one  of  the 
circuits  except  that  of  the  starting  motor. 

On  the  1916  Buick  models,  the  generator  is  regulated  by  the 
third-brush  method;  the  brush  switches  are  operated  by  the  starting 
pedal;  only  the  lighting  circuits  are  protected  by  the  circuit-breaker, 
and  an-  ammeter  is  inserted  in  the  circuit  with  the  latter.  Fig.  250. 
No  mention  is  made  of  the  details  of  any  of  the  ignition  circuits  in 
these  diagrams  as  that  is  taken  up  in  the  section  on  Ignition.  Apart 
from  the  fact  that  the  Oakland  Model  50  has  a  4-pole  motor  winding 
instead  of  the  bipolar  tj-pe  shown  in  all  the  previous  diagrams,  the 
wiring  diagrams  of  the  Oakland  models  for  1916  are  the  same  as 
those  shown  for  the  Buick.  On  the  two  1915  models  of  the  Cole, 
the  distinction  between  the  wiring  diagrams  is  the  same  as  that 
mentioned  for  the  two  classes  of  Buick  models  of  the  same  year, 
i.e.,  one  having  the  reversed  series  field,  and  the  other  the  variable 
resistance  controlled  by  the  governor — the  combination  switch, 
circuit-breaker,  and  other  connections  of  the  diagrams  being  essen- 
tially the  same. 

Slx-Volf,  Two-Unit;  Single-Wire 

Generator.  This  generator  is  a  bipolar  machine  of  the  shunt- 
wound  type,  a  section  of  which  is  illustrated  in  Fig.  251.  As  installed 
on  the  Westcott  (1917) — a  wiring  diagram  of  this  installation  being 
illustrated  in  Fig.  255 — the  generator  is  driven  from  the  water-pump 
shaft  through  a  one-way  clutch,  that  is,  a  type  that  will  drive  when 
turned  in  one  direction  but  will  run  free  when  driven  in  the  opposite 
direction.  This  permits  the  generator  armature  to  revolve  when  the 
engine  is  not  running,  thus  preventing  a  heavy  current  discharging 
through  the  generator  from  the  battery  when  the  ignition  switch  is 
turned  on  while  the  engine  is  idle.    This  is  due  to  the  fact  that  the 


384  ELECTRICAL  EQUIPMENT 

same  switch  which  closes  the  ignition  circuit  puts  the  generator  in 
circuit,  as  explained  in  connection  with  the  wiring  diagram.  If  the 
generator  armature  could  not  revolve,  its  resistance  would  be  very 
low,  so  that  a  heavy  discharge  would  take  place,  hut  as  it  is  permitted 


«  Cmipanv.  Coybm,  Ohia 


to  become  motorized,  its  armature  builds  up  a  strong  counter  e.m.f.,  as 
explained  under  Electric-Motor  Principles,  Part  I,  thus  greatly 
increasing  the  resistance  and  greatly  decreasing  the  amount  of  current 
that  will  pass  through  it. 


Fi(.  2G2.     Disgnm  of  SUrtinc  Motor  for  Detco  Two-Unit  Syit«n 

R^ulation.  The  regulation  is  of  the  third-brush  type,  which 
has  already  been  explained  in  detail  in  connection  with  the  single- 
unit  Delco  system. 

Starting  Motor.  Fig.  252  shows  a  longitudinal  view  of  the  start- 
ing motor  fitted  with  the  Bendix  drive,  while  an  end  view  of  the  motor, 
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illustrating  the  comifautator  and  brushes,  is  shown  in  Fig.  253,  ■  This 
motor  is  of  the  multipolar  type,  and  its  method  of  control  differs  from 
the    single-unit    type    in 
not  employing  the  brush 
switch. 

Starting  Switeh.  A 
pedal-operated  plunger 
type  of  switch  b  employed, 
for  which  the  advantage 
is  claimed  that  its  con- 
tacts are  self-cleaning. 
The  method  of  effecting 
this  will  be  apparent  from 
the  part-sectional  view  of 
the  switch,  Fig.  254.  The 
switch  is  in  barrel  form,  „    „„    ^ , ,^      , „,    o,  ^-    ,. , 

'  Fig.  263.    End  view  of  Delco  Suruni  Matw, 

with    the   springs  incor-  sbowint  commutowr  «id  b™.!™ 

porated  in   the  plunger, 

while  the  stationary  and 

movable  contacts  are  given 

a  contour  that  causes  them 

to   scrape  against   each 

other  when  coming   into 

contact,   thus  keeping 

these  surfaces  bright. 

Wiring  Diagram.  By 
comparing  this  wiring  dia- 
gram, Fig.  255  with  Fig. 
250,  which  shows  the 
single-unit  Delco  system 
as  installed  on  a  Buick 
machine,  a  clearer  idea 
of  the  difference  in  the 
.  requirements  of  the  single- 
and  two-unit  sets,  where 

„     .         .  .,  Fi|.  254.     Part  Section  of  Delco  suiting  Switch 

their  circuits  are  con- 
cerned, will  be  obtained.     It  will  be  noted  that  the  connections  of 
the  lamps,  ignition,  and  horn  are  the  same,  though  the  method  for 
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controlling  them  differs.  Likewise  that  all  of  these,  with  the 
exception  of  the  ignition,  are  protected  by  the  circuit-breaker.  The 
lighting  circuits  appear  more  complicated  simply  because  there  is 
an  extra  light  (tonneau  light)  and  two  additional  accessories,  i.e.,  a 
connection  for  an  electric  cigar  lighter  and  one  for  an  electric  clock. 
The  chief  difference  is  in  the  generator  and  the  starting-motor 
circuits.  An  unusual  featiu^  in  this  essential  is  a  two-part  switch 
member  which  controls  the  ignition  and  the  generator  circuits.  By 
this  method,  opening  the  ignition  si^itch  opens  the  circuit  between 
the  storage  battery  and  the  generator,  so  that  a  battery  cut-out  is 
dispensed  with.  There  is,  even  under  the  most  favorable  conditions, 
a  perceptible  interval  between  the  closing  of  the  ignition  switch  and 


Fit'  SM.     Front  uid  Reverw  Face  of  ComUiiatiDn'SwKch  lor  Ddso  Two-Unit  System 

the  starting  of  the  engine,  and  in  winter  this  may  be  increased  to  a 
considerable  period,  during  which  there  will  be  a  heavy  discharge  from 
the  battery  through  the  generator,  unless  means  to  avoid  it  be  pro- 
vided. The  way  this  is  accomplished  is  by  the  employment  of  a  one- 
way driving  clutch  on  the  generator,  as  already  described.  When 
running,  the  generator  is  driven  by  the  pump  shaft  of  the  engine  in 
one  direction ;  when  the  battery  current  passes  through  it,  it  is  free  to 
run  as  a  motor  in  the  opposite  direction,  despite  the  fact  that  the 
engine  is  idle.  While  operating  as  a  motor,  its  resistance  is  sufficiently 
high  to  cut  this  discharge  from  the  battery  to  negligible  proportions. 
As  soon  as  the  engine  starts,  the  generator  is  driven  in  the  opposite 
direction,  and  its  voltage  immediately  overcomes  that  of  the  battery, 
and  the  battery  begins  to  charge.  l,  1 1^  1 1 ,  v^ivn-iv  n. 
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The  face  of  the  starting'  switch  and  the  details  of  the  connections 
on  its  reverse  are  shown  in  Fig.  256. 

Oelco  Instructions 

Qeneral  Instructions.  If  the  starter,  lights,  and  horn  all  fail, 
the  trouble  is  in  the  storage  battery  or  in  its  connections,  one  of  the 
connections  being  loose  or  corroded,  or  one  of  the  battery  jars  being 
broken.  When  the  lights,  ijgnition,  and  horn  all  work  normally  but  the 
starter  faib  to  operate,  the  trouble  is  iii  the  motor-generator,  or  dyna- 
motor,  and  may  be  caused  by  the  motor  brush  switch  not  dropping  on 
the  commutator,  or  by  dirt  or  grease  on  the  commutator.  Owing  to  the 
heavy  current  required  by  the  motor  in  starting,  if  the  lights  are  on 
at  the  time,  they  will  become  dim  when  the  starting  circuit  is  closed 
but  remain  so  only  momentarily.  In  case  they  go  out  or  become 
very  dim  when  the  starting-motor  circuit  is  closed,  it  indicates  that 
the  battery  is  practically  depleted.  When  the  motor  fires  properly 
on  the  M  button  of  the  combination  switch,  but  not  on  the  B  button,  - 
the  wiring  between  the  dry  cells  or  the  connection  from  the  dry 
cells  to  the  combination  switch  must  be  at  fault.  When  the  igni- 
tion works  all  right  on  button  B,  but  not  on  M,  the  trouble  must 
be  in  the  leads  running  from  the  storage  battery  to  the  generator, 
or  in  the  lead  running  from  the  small  terminal  on  the  generator  to 
the  combination  switch,  or  in  the  battery  connections,  either  of  the 
celb  themselves  or  the  ground  connection^.  If  the  supply  of  cur- 
rent from  both  the  dry  cells  and  the  storage  battery  is  ample,  yet 
both  ignition  systems  fail,  trouble  should  be  sought  first  at  the  timer 
contacts,  then  the  coil,  resistance  unit,  and  the  condenser.  An 
examination  of  the  timer  contacts  will  show  whether  they  arfe  clean, 
square,  and  in  good  working  condition;  if  badly  burned  and  pitted, 
true  them  up  square  with  a  strip  of  fine  emery  cloth  or  a  very  fine 
flat  file.  The  coil,  resistance  unit,  and  condenser  may  be  tried  out 
with  the  test-lamp  outfit.  If  the  lamp  lights  when  contact  is  made 
through  the  terminals  of  the  coil  or  the  resistance  unit,  it  indicates 
that  nothing  is  wrong  with  them,  but  if  it  lights  on  the  condenser  it 
^ows  that  the  insulation  of  the  latter  has  broken  down,  as  there 
should  be  no  circuit  through  the  condenser.  The  only  remedy  is 
to  replace  it.  AH  of  the  units  mentioned  work  in  the  same  capacity 
for  each  system  of  ignition.  un  i^-ii, '^iv_'i_ivii^ 


f  i 
.III 


1^"'- 


If 


.Google 


ELECTRICAL  EQUIPMENT  389 

If,  for  purposes  of  making  tests,  it  becomes  necessary  to  remove 
any  of  the  electrical  apparatus  from  the  car,  or  to  make  any  adjust- 
ments, the  storage  battery  should  first  be  disconnected.  This  can 
be  done  most  conveniently  by  removing  the  ground  connection  and 
winding  the  bare  terminal  with  electrician's  tape  so  that  it  cannot 
conae  in  contact  with  anything  that  would  cause  a  short-circuit. 
The  car  should  not  be  run  with  the  storage  battery  disconnected 


Fig.  257.     DUcnuti  Showing  Method  ol  Adjiuting  Third  Brush  in  IfilS  Deloo  Genemtor 

from  the  generator  or  with  the  battery  off  the  car  unless  the  gener- 
ator is  short-circuited,  as  otherwise  serious  damage  may  result,  as 
the  generator  is  likely  to  be  burned  out. 

Adjusting  Third  Brush.  One  of  the  advantages  of  the  third- 
brush  method  of  regulation  is  the  ease  with  which  the  output  of  the 
generator  may  be  varied,  .It  has  been  found  that  on  some  of  the 
1916  models  of  the  Delco  system  the  generating  capacity  (as  adjusted 
at  the  factory)  has  been  set  too  high,  especially  for  cars  which  are 
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driven  a  great  deal  during  the  day  and  very  little  at  night.  As  a 
result,  considerable  more  current  is  generated  than  can  be  used  to 
advantage.  An  indication  of  this  will  be  found  in  the  frequent 
necessity  for  adding  water  to  the  celb  of  the  battery,  or  the  fact  that 
the  battery  is  constantly  gassing.  In  a  case  that  recently  came  to 
the  writer's  attention,  the  owner  of  the  car  complained  that  the  bat- 
tery was  no  good  because  it  was  always  boiling.  It  boiled  so  con- 
tinually and  so  violently  that  it  eventually  had  to  be  replaced.  The 
complaint,  in  the  average  case,  is  that  the  battery  is  imdercharged 
rather  than  overcharged.  Unless  tnjuble  is  experienced  because  of 
the  battery  gassing  too  much  or  needing  water  too  frequently,  the 
charging  rate  should  not  be  altered.  When  necessary,  the  alteration 
may  be  made  as  follows:  It  will  be  noted  in  Fig.  257  that  the  third 
brush  is  carried  on  a  brush  arm  made  in  two  pieces  and  that  the  part 
to  which  the  brush  is  fastened  has  a  slot  through  which  pass  two 
screws,  attaching  it  to  the  other  part.  By  loosening  these  screws,  one 
part  may  be  slid  on  the  other,  thus  increasing  or  decreasing  the  length 
of  the  arm.  When  the  arm  is  shortened,  the  charging  rate  is  decreased ; 
and  when  the  arm  is  lengthened  the  cha"rging  rate  is  increased.  Care 
should  be  taken  to  sand-in  the  brush  whenever  it  has  been  shifted  in 
order  to  insure  good  contact  with  the  commutator.  (See  Instructions 
for  Seating  Generator  and  Motor  Brushes.)  The  screws  on  the  brush 
arm  must  be  firmly  tightened  after  adjusting  to  prevent  slipping. 

The  charing  rate  of  this  type  of  Deico  generator  is  higher  at  low- 
car  speeds  than  on  some  machines  of  an  earlier  type,  so  that  the 
maximum  should  he  kept  somewhat  below  the  value  ihat  would 
be  used  for  earlier  machines.  In  most  cases  14  to  16  amperes  will  be 
ample,  and  in  no  case  should  it  exceed  20  amperes.  Readings  should 
be  taken  at  the  ammeter  on  the  cowl  switch,  which  indicates  the 
amount  of  current  going  to  the  battery  but  does  not  include 
the  ignition  current. 

The  foregoing  instructions  for  altering  the  chargmg  rate  apply 
only  to  machines  having  the  third  brush  mounted  on  an  adjustable 
arm,  as  different  methods  of  moving  the  brush  are  provided  on  other 
types.  The  principle  of  adjustment,  however,  is  always  the  same, 
i.e.,  moving  the  third  brush  closer  to  the  nearest  main  brush  increases 
the  output  and  moving  it  away  from  this  brush,  decreases  it.  The 
third  brush  must  never  be  allowed  to  come  in  contact  flgtjjj^ljp  f^iain 
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brush.  In  the  case  of  the  Deico  generator  under  consideration,  the 
charging  rate  should  reach  a  maximum  at  a  speed  of  15  to  20  miles 
per  hour  and  then  drop  off  as  the  speed  increases  beyond  this  point. 

Tests  of  Wiring.  Locating  Grounds,  By  referring  to  any  of  the 
Delco  diagrams  of  the  one-wire  type,  it  will  be  noted  that  certain 
parts  of  the  circuits  are  normally  grounded,  i.e.,  they  are  connected  to 
the  common  return  represented  by  the  chassis  of  the  car.  For 
example,  the  n^ative  battery  terminal,  one  terminal  of  each  lamp, 
one  motor,  one  generator  brush,  one  timer  contact,  one  terminal 
of  the  horn  push  button,  and  one  terminal  of  the  condenser  in  the  coil 
are  grounded.  Before  testing  the  wiring  for  grounds,  it  will  accord- 
ingly be  necessary  to  remove  these  normal,  or  intentional,  grounds. 
This  is  carried  out,  in  the  order  in  which  they  are  mentioned,  by 
disconnecting  the  negative  battery  lead  and  removing  all  the  lamps, 
placing  a  piece  of  cardboard  between  eadi  generator  and  each  motor 
brush,  including  the  third  brush  of  ^e  former  and  the  commutator 
against  which  it  ordinarily  bears,  disconnecting  the  leads  from 
the  horn  button  and  from  the  distributor,  and  raising  the  base  of  the 
ignition  coil  so  that  it  is  insulated  from  the  top  cover  of  the  generator 
motor.    The  system  will  then  be  in  the  condition  shown  in  Fig.  258. 

One  of  the  test  points  is  then  placed  on  the  frame  of  the  car  and 
the  other  point  on  the  negative  terminal  A  of  the  battery.  If  the 
lamp  lights,  it  will  indicate  a  ground  somewhere  on  the  switch  or  in 
the  motor  windings  (all  of  the  switch  buttons  being  pushed  in). 
Then,  with  one  test  point  still  grounded  on  the  frame  of  the  car,  test 
with  the  other  point  the  different  terminals  of  the  combination 
switch.  If  the  lamp  lights  during  this  test,  it  will  indicate  a  ground 
on  that  particular  circuit,  which  can  be  remedied  without  any  par* 
ticular  difficulty. 

Localing  Shorts.  To  test  for  short-circuits  between  wires  that 
ate  normally  insulated  from  each  other,  place  one  test  point  on  the  end 
of  one  wire  and  the  second  test  point  on  the  end  of  the  other,  as  shown 
in  Fig.  259.  If  the  lamp  lights,  it  will  indicate  a  short-circuit  between 
these  two  wires,  which  can  then  be  carefully  inspected  to  locate  the 
exact  position  of  the  fault.  Failure  of  the  lamp  to  light  when  the  test 
is  made  will  indicate  that  the  wires  in  question  are  in  good  condition; 
the  tests  can  then  he  applied  to  other  parts  of  the  circuits  which 
should  be  insulated  from  each  other.  vnim^ii 
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Locating  Breaks  in  Wires.  Where  the  failure  of  the  apparatus 
in  a  particular  circuit  makes  it  apparent  that  a  wire,  or  lead,  may  be 
broken,  it  may  be  tested  by  placing  one  of  the  points  on  each  end  of 
the  wire  in  question.  The  lighting  of  the  lamp  will  indicate  that  there 
is  a  complete  drcuit  through  the  wire,  vhile  its  failure  to  light  is 
evidence  of  a  break  in  the  wire.  If  at  all  difficult  to  locate  the  break, 
the  easiest  method  of  repauing  it  is  to  replace  the  wire  with  a  new  lead 
of  the  same  size  and  type  of  insulation.  The  method  of  carrying 
out  this  last  test  is  illustrated  in  Fig.  260  and  it  is  naturally  applicable 
to  any  of  the  wires,  not  only  of  this  type  of  installation  but  of  any 
other  lighting  and  starting  system.  In  making  this  test,  care  must  be 
taken  not  to  apply  the  points  at  places  on  the  terminals  where  a 
ground  connection  will  result,  as  this  will  complete  the  circuit  through 
the  lamp  without  the  current  passing  through  the  wire  supposedly 
under  test.  Thb  method  of  locating  grounds,  short-circuits,  or 
open  circuits  will  be  found  much  better  than  the  use  of  a  buzzer,  bell, 
or  magneto,  and  it  is  recommended  wherever  a  110-volt  current  is 
available.  However,  where  it  is  not  available,  a  tamp,  bell,  buzzer, 
or  the  portable  voltmeter  may  be  used  in  connection  with  the  storage 
battery  on  the  car,  after  detaching  its  usual  connections  to  the 
system. 

Testing  Cut-Out.  If  the  battery  is  not  charging  properly,  the 
generator  being  in  good  condition,  or  it  is  discharging  too  much 
ciurent  through  the  cut-out,  the  latter  should  be  tested  and  adjusted 
to  remedy  the  trouble.  The  cut-out  is  designed  to  close  when  the 
voltage  across  the  terminab  of  the  voltage  coil  is  SJ  to  7J  volts. 
To  check  this  a  voltmeter  should  be  connected  across  the  terminals, 
noting  the  reading  at  the  point  that  the  contacts  close.  It  is 
designed  to  break  the  circuit  when  the  discharge  current  is  less'  than 
1  ampere,  preferably  as  close  to  the  zero  mark  as  possible  to  reduce 
the  are  on  breaking  the  contacts.  This  can  be  checked  by  placing 
an  ammeter  in  the  circuit  in  series  with  the  current  coil  of  the  cut- 
out, noting  the  value  of  the  current  at  the  moment  that  the  contacts 
separate.     When  properly  adjusted  the  air  gap  should  be  A  inch. 

To  adjust  the  cut-out,  the  influence  of  both  the  air  gap  and  of 
the  spring  tension  must  be  taken  into  consideration.  The  air  gap 
has  little  or  no  effect  upon  the  point  of  cut-out,  this  'wing  governed  , 
almost  entirely  by  the  spring  tension,  whereas  the  pojnt  of  cj^t^g 
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in  is  governed  by  both  the  air  gap  and  the  spring  tension.  The 
following  examples  will  illustrate  the  adjustments  necessary  in  cases 
of  excess  voltage  and  current,  exceSs  voltage  alone,  insufficient  volt- 
age and  excess  current,  and  insufficient  voltage  alone. 

Where  the  relay  cuts  in  at  8  volts  and  cvia  out  when  the  discharge 
current  is  2  amperes:  Decrease  the  air  gap,  as  this  will  lower  the 
voltage  of  the  cut-in  point,  but  it  will  also  increase  the  dischai^e 
current  on  cutting  out.  To  overcome  the  latter,  increase  the  spring 
tension  slightly,  noting  the  effect  on  the  ammeter  until  the  latter 
registers  less  than  1  ampere  on  cutting  out. 

Where  the  relay  cuts  in  ai  8  volts  and  cuts  out  at  1  ampere: 
DecTease  the  spring  tension  as  this  will  cause  the  relay  to  cut  in  at  a 
lower  voltage  and  also  to  cut  out  after  the  current  starts  to  dis- 
charge through  it. 

Where  ike  relay  cuts  in  at  6  volts  and  cuts  out  at  S  amperes: 
Increase  the  spring  tension,  causing  the  relay  to  cut  in  at  a  higher 
voltage  and  also  to  cut  out  at  a  discharge-current  value  of  less  than 
2  amperes. 

Where  ike  relay  cvts  in  at  6  volts  and  cuts  mit  v)ith  a  discharge 
current  of  I  ampere:  Increase  the  air  gap  slightly  and  also  increase 
the  spring  tension  so  as  to  cause  the  relay  to  cut  in  at  a  higher  volt- 
age and  also  cut  out  at  a  discharge  current  of  less  than  1  ampere. 

In  this  connection  cut  in  signifies  the  closing  of  the  contacts 
when  the  voltage  coil  becomes  energized  as  the  generator  starts  up; 
cut  out  indicates  the  opening  of  the  generator  battery  circuit  when 
the  current  from  the  battery  reverses  the  polarity  of  the  current 
coil  of  the  relay,  thus  opening  the  circuit  and  cutting  out  the  gener- 
ator from  the  battery  circuit  when  the  generator  slows  down  and 
there  is  insufficient  voltage  for  charging  the  batterj-.  While  these 
instructions  apply  particularly  to  the  Delco  relay  or  cut-out,  all 
devices  of  this  nature  operate  on  the  same  principles. 

Before  making  any  adjustments,  the  contact  points  should  be 
examined.  If  they  are  blackened  or  pitted,  take  two  narrow  strips 
of  emery  cloth  about  f  inch  wide  and  both  the  same  length.  Place 
them  together,  emery  sides  out,  insert  between  the  contacts  and 
while  an  assistant  holds  the  points  together,  draw  back  and  forth. 
If  no  assistance  be  obtainable,  use  a  single  strip  and  apply  alter- 
nately to  each  contact  point  until  its  face  is  bright  all  over  and  true 
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so  that  when  the  two  points  come  together  they  touch  evenly  all 
over  their  siu^aces.  Do  not  take  off  any  more  than  b  necessary  for 
this  purpose,  particularly  where  the  contacts  are  platinum,  as  this 
simply  wears  them  away  uselessly  and  they  are  very  expensive  to 
replace.  After  cleaning,  test  for  cutting  in  voltage  and  cutting  out 
current  and  it  frequently  will  be  found  that  no  adjustment  is 
necessary. 

These  instructions  regarding  the  cleaning  of  contact  points 
apply  with  equal  force  to  all  instruments  having  contacts  by  means 
of  which  the  circuit  is  frequently  made  and  broken,  for  even  platinum 
is  burned  away  by  the  electrical  action  of  the  current  which  tends 
to  carry  the  metal  of  the  positive  contact  over  to  the  negative  in 
finely  divided  form,  thus  making  a  hole,  or  crater,  on  the  positive 
and  a  cone,  or  peak,  on  the  negative. 

If  the  contacts  are  too  badly  burned  to  permit  of  their  being 
put  in  good  condition  in  this  way,  it  will  be  necessary  to  replace 
them.  After  the  relay  has  been  reassembled  with  the  new  contacts, 
it  should  be  adjusted  in  accordance  with  the  instructions  already 
given.  When  the  contacts  are  correctly  adjusted,  both  pairs  will 
make  contact  at  the  same  instant  and  clear  across  the  line  of  con- 
tact  so  that  when  the  relay  is  held  up  to  the  light,  it  is  impossible  to 
see  light  passing  through  any  portion  of  the  line  of  contact.  When 
adjusting  the  relay  make  sure  that  all  insulating  bushings  are  in 
good  condition  and  that  the  connections  and  coil  terminals  are  free 
from  breaks  or  grounds,  as  these  would  cause  uncertainty  in  its 
operation  .- 

Testing  Circuit-Breaker.  In  case  the  circuit-breaker  vibrates 
constantly,  it  indicates  a  ground  in  one  of  the  circuits.  Should  it 
continue  to  vibrate  when  all  of  the  buttons  of  the  combination 
switch  have  been  pushed  in,  the  ground  will  almost  invariably 
be  found  in  the  horn  or  its  connections.  In  case  no  ground  can  be 
found  in  any  of  the  circuits  with  the  aid  of  the  testing  lamp,  and  the 
circuit-breaker  still  continues  to  vibrate,  connect  the  portable  test- 
ing ammeter  in  the  circuit,  using  the  30-ampere  shunt.  Then  hold 
the  circuit-breaker  closed  and  note  the  ammeter  reading  when  it 
opens.  This  must  be  done  quickly  as  the  current  necessary  to  keep 
it  operating  is  small  so  that  the  ammeter  reading  will  quickly  drop 
to  a  value  of  3  to  5  amperes.    However,  the  circuit-brea^^  ,;l)Qif |d 

887 


398  ELECTRICAL  EQUIPMENT     - 

not  open  on  a  current  of  less  than  25  amperes.  If  the  ammeter 
reading  indicates  that  it  does  so,  increase  the  tension  of  the  spring 
until  the  current  necessary  to  operate  it  shows  that  it  is  properly 
adjusted.  In  case  the  instrument  shows  that  the  circuit-breaker  is 
opening  at  the  proper  point  but  still  continues  to  vibrate,  another 
series  of  tests  for  a  ground  must  be  made  as  the  latter  is  the  cause 
of  the  trouble. 

Seating  the  Brushes.  To  insure  proper  operation  of  the  machine 
either  as  a  generator  or  as  a  motor,  it  is  necessary  that  the  brushes 
fit  the  commutator  exactly  and  that  they  make  good  contact  over 
their  entire  surface.  If  they  do  not,  sparking  will  occur  and  the  com- 
mutator will  become  burned  and  blackened,  cutting  down  the 
efficiency  of  the  machine.  The  brushes  are  the  only  wearing  parts 
of  a  direct-current  generator  or  motor,  and,  as  this  wear  on  them 
is  constant,  they  will  require  attention  at  intervals  to  keep  them  in 
good  condition.  Whenever  sufficient  wear  has  taken  place  to  make 
the  contact  uneven,  the  brushes  must  be  fitted  to  the  commutator 
or  sandedAn.  Cut  a  sheet  of  No.  00  sandpaper  in  strips  slightly 
wider  than  the  brush,  Emery  cloth  must  Jiever  be  used  for  this 
purpose.  It  is  metallic  and  will  tend  to  cause  short-circuits  in  the 
commutator.  The  strip  of  sandpaper  is  wrapped  around  the  com- 
mutator so  as  to  make  contact  with  at  least  half  of  its  circumference 
in  the  manner  illustrated  in  (a)  and  (c)  of  Fig.  26L  The  smooth  side 
of  the  paper  is  laid  on  the  commutator  so  that  the  sanded  side  rubs 
the  brush.  By  drawing  the  sandpaper  back  and  forth,  it  is  possible 
to  fit  the  brush  very  accurately  to  the  commutator.  It  will  be 
obvious  that  if  the  sandpaper  be  applied  to  the  commutator,  as 
shown  in  (fc)  and  (d)  of  the  same  illustration,  that  the  brush  will 
only  touch  at  its  center  and  there  will  be  excessive  sparking  between 
the  gaps  thus  formed. 

A  high  squeaking  note  caused  by  the  operation  of  either  the 
generator  or  motor  is  an  indication  that  either  the  brushes  or 
the  commutator  need  sanding-in  as  the  latter  will  become  roughened 
from  the  wear.  It  should  be  smoothed  up  by  taking  strips  of  the 
same  grade  of  sandpaper  sufficiently  wide  to  cover  the  commu- 
tator, applying  them  by  wrapping  in  the  same  manner  but  with  the 
sanded  surface  on  the  conmiutator  bars.  This  can  be  done  most 
effectively  bj  running  the  machine  through  its  other  commutator 
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for  a  few  moments  while  holding  the  sandpaper  strip  in  place  on 
the  first.  If,  after  this  smoothing  up,  the  mica  insulation  between  the 
bars  of  the  commutator  is  flush  with  the  surface  of  the  copper  bars, 
it  must  be  undercut  as  directed  in  the  following  section.  On  most 
of  the  Delco  machines  it  will  be  found  possible  to  sand-in  the  upper 
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and  lower  brushes  separately  by  this  method,  but  in  a  number  of 
cases  on  account  of  the  construction  of  the  machine,  it  will  be  found 
advisable  to  sand-in  both  motor  brushes,  as  well  as  both  generator 
brushes  at  the  same  time.  It  is  unnecessary  to  lubricate  either  the 
motor,  the  generator  brushes,  or  the  commutators,  as  this  simply 
results  in  gumming  them  and  causes  grit  and  dirt  to  collect  on 
the  commutator  and  cut  grooves  in  both  it  and  the  brushes. 
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Commutator  Maintenance.  In  the  course  of  time,  the  com* 
mutator  bars  of  the  generator  will  wear  down  until  they  are  flush 
with  the  mica  insulation  separating  them.  When  this  occurs  there 
will  be  excessive  arcing  in  the  brushes  which,  in  turn,  will  cause  the 
copper  to  he  burned  away  until  it  is  level  with,  or  below,  the  surface 
of  the  mica.  This  condition  will  be  indicated  by  a  rusty  black  color 
on  the  commutator  bars.  To  prevent  this  condition,  the  commutator 
should  be  cleaned  occasionally  with  sandpaper  as  directed.  If  the 
mica  is  kigk,  it  should  be  undercut  as  follows: 

The  armature  is  removed  froin  the  machine  and  placed  in  a,  lathe,  truing  up 
both  commutators  until  they  are  peffectly  concentric.  This  should  be  dom- 
carefully  anil  thi^n  as  fine  a  cut  as  poaeible  taken  to  avoid  wasting  the  copper 


needleedy.  When  the  commutators  have  been  trued  up  in  the  lathe,  cut  out  mica 
between  the  commutator  bars  of  the  generator  only.  For  this  purpose  a  piece  of 
hacksaw  blade  should  be  fixed  m  a  handle,  as  shown  in  Fig.  262,  and  its  teeth 
ground  off  until  they  will  cut  a  slot  that  is  just  slightly  wider  than  the  mica  insu- 
lation. The  out  need  not  be  more  than  -^  inch  deep.  In  this  way  a  rectangular 
slot,  tree  from  mica,  will  be  obtained  between  each  two  adjacent  commutator 
bars.  After  undercutting  the  mica,  the  edges  of  these  slots  should  be  beveleil 
very  slightly  with  a  three-cornered  file  in  order  to  remove  any  burrs  which  would 
caujw  Bxceeaive  wear  of  the  brushes. 

It  is  unneceHSary  to  undercut  the  mica  on  the  motor  commutator,  as,  wherever 

metal  or  metalUo  brushes  are  used  on  Deloo  machines,  they  are  sufficiently  hard 

t«  keep  the  mica  flush  with  the  surface  of  the  copper  aa  it  wears  down  without 

any  undue  arcing  at  the  brushes,  whereas  in  the  case  of  seneratora  provided  with 
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carbon  bnishes,  the  carbon  is  not  hard  enough  to  do  thie.  After  oompletitiK  the 
undercutting,  the  commutatoi  when  viewed  from  the  end  should  show  clean-cut 
rectangular  slots  between  the  bare,  as  in  the  left-hand  view,  Fig.  262.  The 
machine  should  then  be  reasa^nbled  and  the  bruahes  sanded-iii  to  the  eommu- 
tator,  as  previously  described.  This  operation  of  fitting  the  brushes  to  the  com- 
mutator will  be  necessary  whenever  anything  has  been  done  to  the  commutator, 
when  new  brushes  are  installed,  or  when  the  third-brush  location  is  readjusted 
to  vary  the  output  of  the  machine  on  generators  having  this  type  of  regulation. 

These  instructions  for  fitting  the  brushes,  cleaning  the  com- 
mutator, and  undercutting  the  mica  of  the  commutator  of  any- 
machine  equipped  with  soft-carbon  brushes,  apply  with  equal  force 
to  all  makes  of  generators  and  starting  motors  employed  on  auto- 
mobiles. Next  to  the  battery  the  brushes  and  commutators  will  be 
found  to  demand  most  attention — or  to  put  it  another  way,  they  will 
be  found  to  constitute  a  cause  of  trouble  only  second  in  importance 
to  the  battery.  It  must  not  be  assumed,  however,  that  all  black- 
ening of  the  commutator  is  caused  always  by  high  mica.  Any  one 
of  the  following  conditions  may  cause  the  commutator  to  assume 
an  appearance  similar  to  that  produced  by  high  mica:  (1)  generator 
brushes  of  improper  size  or  material,  as  where  replacements  other 
than  those  supplied  by  the  manufacturer  of  the  machine  have  been 
installed;  (2)  insufficient  spring  tension  on  brushes — all  springs 
slacken  up  in  time  and  they  should  be  examined  at  intervals  to  see 
that  the  brushes  are  being  held  firmly  against  the  commutator;  (3) 
overloading  of  the  generator  caused  by  partial  failure  of  the  regu- 
lating device  or  other  cause ;  and  (4)  an  open-  or  short-circuit  in  the 
generator  windings,  or  a  short-circuit  between  generator  and  motor 
windings  in  a  single-unit  machine  like  the  Delco. 

Testing  Armatures.  In  reading  the  foregoing  instructions  as 
well  as  those  that  follow  here  concerning  the  Delco  system,  it  should 
be  borne  in  mind  that  they  apply  in  principle,  and  in  many  cases  in 
actual  detail,  to  the  majority  of  other  systems  described.  In  other 
words,  all  starting  and  lighting  systems  are  based  on  the  same  prin- 
ciples and,  while  many  of  them  differ  in  detail  and  in  design,  the 
application  of  the  instructions  in  question  will  very  frequently  be 
evident  by  comparing  them  point  for  point  and  modifying  the  instruc- 
tions to  compensate  for  any  slight  differences  in  design  or  wiring. 

Armature  troubles  are  of  much  less  frequent  occurrence  than  the 
majority  of  defections,  such  as  worn  brushes,  dirty  commutator,  or 
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the  like,  which  temporarily  put  the  system  out  of  commission,  so  that 
every  part  of  the  system  which  might  be  at  fault  should  be  investi- 
gated before  attempting  to  test  the  armature  for  faults.  To  carry 
out  these  tests,  the  voltmeter  and  the  lamp-testing  set  are  necessary. 
Where  no  previous  experience  has  been  had  in  making  tests  with  these 
aids,  it  will  be  well  to  become  familiar  with  the  detailed  instructions 
given  for  their  use  in  connection  with  the  determination  of  other 
faults,  as  already  described.  It  is  not  necessary  to  remove  the  dyna- 
motor  from  the  car  for  this  purpose.  When  tests  of  the  remainder 
of  the  system  indicate  no  faults  and  when  grounds  in  the  armature 
windings  or  short-circuits 
between   them    are   not 

^•**^       . =  ^^'"  suspected,  raise  all  the 

t— pM|  ^=^^MM^H    brushes  from  the  commu- 

tator and  slip  pieces  of 
cardboard  between  the 
brushes  and  the  commu- 
tator so  as  to  insulate 
them  from  each  other. 
These  instructions  cover 
the  single -unit  Delco 
machine,  so  the  foregoing 
applies  as  well  to  testing 
for  short-circuits  between 
generator  and  motor 
armature  windings.  For 
greater  simplicity,  the 
possible  faults  and  the  tests  for  locating  them  are  treated  under 
different  heads,  as  follows : 

(a)  Grounded  Generator  Coil.  On  one-wire  systems  of  the 
single-unit  type,  the  presence  of  a  grounded  generator  coil  will  mate- 
rially reduce  the  charging  rate  to  the  battery  and  will  also  result  in 
slow  cranking  of  the  engine.  To  determine  whether  a  generator 
coil  has  become  grounded,  place  one  of  the  test  points  on  the  frame  or 
on  the  armature  shaft,  both  of  which  are  grounded,  and  the  other  on 
the  generator  commutator,  as  shown  in  Fig.  263.  If  the  lamp  lights, 
it  indicates  a  ground  on  the  commutator.  The  test  of  the  generator 
of  a  two-unit  set  would  be  carried  out  in  exactly  the  same  manner. 
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(b)  Grounded  Motor  Coil.  According  to  the  nature  (rf  the  fault, 
a  grounded  motor  coil  may  either  prevent  operation  of  the  starting 
motor  altogether  or  it 
may  result  only  in  an 
excessive  consumption  of 
current  for  starting.  The 
test  is  carried  out  in  the 
same  manner  as  described 
for  the  generator,  except 
that  the  second  point  of 
the  test  set  is  placed  on 
the  motor  commutator. 
Fig.  264.  It  will  likewise 
be  evident  that  an  inde- 
pendent starting  motor 
can  be  tested  in  the  same 
way. 

(c)  Skort-Circuita  mimo.c.^/i.c. 
between  Motor  and  Gener-  Fi«-  2**-  i>i»«™i 
ator  Armature  Coils.  In 
most  cases  short-circuits 
between  motor  and  gener- 
rator  armature  coils  will 
decrease  the  speed  of 
cranking  and  will  cause 
the  armature  to  continue 
to  run  after  the  en^ne 
has  been  shut  down. 
This  test  is  carried  out 
by  simply  placing  one 
test  point  on  -the  gener- 
ator commutator  and  the 
other  on  the  motor  com- 
mutator. If  the  lamp 
lights,  it  indicates  a  short- 
circuit  between  the  gener- 
ator and  motor  windings. 
Fig.  265.     This  test  is 
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naturally  only  applicable  to  single-unit  machines  having  two  inde- 
pendent windings  on  the  same  armature  core,  as  in  the  case  of  the 
Deico,  the  type  in  question, 

(d)  Open-  OT  Short-Circuited  GeneraioT  AmuUure  Coils.  When 
testing  for  open-  or  short-circuited  generator  aimature  coils,  the  gener- 
ator brushes  should  be  left  in  contact  with  the  commutator,  but  the 
storage  battery  should  be  disconnected  from  the  system,  carefully 
taping  the  loose  battery  terminals  before  proceeding.  Then  discon- 
nect the  shunt  field  from  the  brushes  and  tape  these  terminals  so  that 
they  do  not  accidentally  come  in  contact  with  the  frame  or  other  parts 


30  Mmpmr*  sfiant 


of  the  unit.  Connect  up  a  dry  cell  and  the  portable  ammeter,  using 
the  30-ampere  shunt,  as  shown  in  Fig.  266.  Turn  the  armature  over 
slowly  by  hand.  If  the  commutator  is  clean  and  bright  and  the 
brushes  are  making  good  contact  with  it,  a  very  noticeable  change  in 
the  ammeter  reading  will  indicate  an  open-  or  a  short-circuited 
armature  coil.  To  determine  whether  the  coil  is  open-  or  short- 
circuited,  the  following  tests  should  be  made: 

(1)  Opffn-CiTeuited  Coils.  Connect  the  brushes  to  the 
terminals  of  the  dry  cell  so  that  a  current  of  about  10  amperes  is 
flowing  through  the  brushes.  The  field  should  be  entirely  dis- 
connected and  its  terminals  either  taped  or  held  out  of  the  way. 
Then,  with  a  special  pair  of  points  connected  to  the  voltmeter. 
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using  tke  3-volt  scale,  me^ure  the  voltage  across  each  two 
adjacent  commutator  bars.  If  there  is  an  open-circuited  coil  in 
the  armature,  the  volta^  reading  will  increase  considerably. 
Pig.  267. 

(2)  Short-Cireuited  CoHa.  If  there  are  no  open-circuited 
coils  and  the  preceding  tests  indicate  that  there  is  trouble  with 
the  armature,  it  should  be  tested  for  short-circuited  coils.  This 
should  be  done  only  after  the  preceding  tests  have  been  made,  as 
an  open-circuited  coil  might  cause  the  .1-volt  scale  of  the  volt- 
meter to  bum  out  if  this  test  were  made  first.  The  armature  is 
comiected  as  indicated  in(l)  above,  but  for  this  test  the  .1  -volt 
scale  instead  of  the  3-volt  scale  of  the  voltmeter  is  used.  Fig-  268. 
The  voltage  drop  between  adjacent  commutator  bars  is  then 
measured  by  slowly  turning  the  commutator  over  by  hand. 
The  readings  should  be  approximately  the  same.  If  any  of  them 
drop  nearly  to  zero,  it  will  indicate  that  one  or  more  of  the  arma- 
ture coils  are  short-circuited.  In  taking  these  readings,  care 
must  be  observed  to  keep  the  points  always  on  adjacent  commu- 
tator bars  and  not  allow  them  both  to  come  on  the  same  bar  at 
any  time;  otherwise,  the  voltage  drop  may  be  sufficient  to  injure 
the  voltmeter. 

Should  any  of  these  tests  indicate  open-  or  short-circuited 
coils  in  the  armature,  it  is  advisable  to  send  the  armature  to 
the  manufacturer  for  repairs,  or  to  install  a  new  armature. 
Unless  the  fault  is  plainly  visible,  as  where  a  coil-terminal  con- 
nection at  the  commutator  bar  has  broken  or  become  short- 
circuited,  the  average  establishment  will  find  the  repair  entirely 
beyond  its  facilities  to  make,  so  that  time  and  expense  will  be 
saved  by  promptly  referring  it  to  the  factory.  Special  equip- 
ment and  skill  in  the  handling  of  such  repairs  are  indispensable 
and  are  beyond  the  province  of  the  garage  man. 
Testing  Field  Coils.  The  tests  of  field  coils  are  simpler  than 
those  of  the  armature,  and  they  apply  in  large  measure  to  practically 
any  system. 

OpenrCireuUs  in  Fields.  To  test  for  open-circuits  in  fields,  the 
test  set  is  the  only  apparatus  required,  and  the  points  should  be 
placed  as  shown  in  Fig.  269.  By  placing  one  point  on  each  terminal 
of  the  particular  winding  to  be  tested,  failure  oj  th^|^njp,J^Jjght 
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will  indicate  that  the  coil  is  open-circuited,  as  the  wire  of  the  coil  will 
afford  a  path  for  the  current,  unless  broken.  The  fact  that  the  lamp 
may  not  light  to  full  brJl-  AAAAAAAAAA 

liance  in  some  of  these  coil  ~J~VV  V  VV  V  V\A/ Vv — f" 
tests  ia  no  indication  of 
trouble,  as  the  difference 
is  simply  due  to  the  addi- 
tional resistance  repre- 
sented by  the  coil  itself. 
In  case  an  open-circuited 
coil  is  found,  the  only 
remedy  is  to  return  it  to 
the  manufacturer  for 
repair  or  replacement. 

Grounded  Fields.  To 
test  for  grounds  in  the  field  windings,  place  one  test  point  on  the 
frame  of  the  machine  and  the  other  on  a  terminal  of  the  field  coil. 
Before  doing  this,  however,  all  intentional  ground  connections  made 
by  the  terminals  should  be  removed.  These  can  be  located  by 
referring  to  the  winding  diagram.  If  the  lamp  lights,  it  will  indicate 
a  ground.    The  manner  of  AAAAAAAAAA 

applying  the  test  points  is       "^VVV V V V  VV V V\rf~ 
shown  in  Fig.  270.  ^^ 

Short-Circuits  between  ^^ 
Windings.  To  test  for 
short-circuits  between 
windings  not  normally  con- 
nected, as  for  example  the 
shunt  and  series  winding 
of  a  field  coil,  place  one 
test  point  on  the  terminal 
of  one  winding  and  the  '^- ""■  oi^s""" '"^  Lo-'ti"*  G""'«ied  Field. 
other  test  point  on  the  terminal  of  the  other  field  winding,  as  shown 
in  Fig.  271.  If  the  lamp  lights,  it  will  indicate  a  short-circuit 
between  the  windings.  The  field  coils  can  also  be  tested  with  a 
voltmeter,  the  30-volt  scale  being  used  in  connection  with  a  6-volt 
storage  battery  for  this  purpose,  Fig.  272,  Detailed  instructions 
for  the  use  of  the  instrument  are  given  in  a  previous  section.     As 
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all  lighting  generators  have  more  than  one  winding  on  their  fields, 
i.e.,  shunt  and  series  windings  (the  latter  termed  "bucking  coils"  when 
reversed),  these  tests  are  equally  applicable  to  all  makes. 

VoUmeter  Field  Tests. 
-^-VWWWVWVV^   Th*^  °»«*''«*'  "f  employing 


11 


airiM  FMdCoil 


emVttt  Lamp 

mmi Q 


m  for  Testing  Short-Circu 


the  voltmeter  for  making 
field  tests,  shown  in  Figs. 
272  and  273,  is  as  follows: 
To.  test  for  an  o-pen- 
circuUed  field,  connect  up 
as  shown  in  Fig.  272.  The 
positive  terminal  of  the 
voltmeter  is  connected  to 
the  positive  terminal  of 
the  battery.  An  insulated 
copper  wire  of  convenient 
length,  with  the  insulation 
stripped  off  for  about  one  inch  at  each  end,  is  then  attached  to  the 
terminal  of  the  voltmeter  marked  "30  volts",  and  a  similar  wire  is 
attached  to  the  negative 
terminal  of  the  battery. 
The  free  ends  of  these 
wires  are  then  used  in  the 
same  manner  as  the  points 
of  the  test  set,  except  that 
the  voltmeter  reading  is 
the  indication  sought 
instead  of  the  lighting  of 
a  lamp.  Before  making 
the  test,  touch  the  free 
ends  of  the  wires  together. 
This  reading  will  be  the 
total  voltage  of  the  stor- 
age battery,  and  it  should 
be  kept  in  mind  when 
making  the  tests. 
If,  instead  of  touching  the  free  ends  of  the  wire  together,  they  are 
placed  on  the  terminals  of  a  high  resistance,  the  voltmeter  reading  will 
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naturally  be  much  less.  In  other  words,  the  value  of  the  voltmeter 
reading  will  always  depend  upon  the  amount  of  resistance  offered 
by  the  coil  or  other  circuit  that  is  being  tested.  When  there  is  no 
circuit,  as  with  the  free  ends  held  apart  in  the  hands,  there  will  be 
no  indication  on  the  voltmeter  scale.  An  open-circuited  coil  will 
accordingly  be  indicated  by  a  zero  reading  of  the  voltmeter  when  the 
two  free  ends,  or  points,  are  placed  upon  the  terminals  of  the  coil, 
Fig.  272.  If,  on  the  other  hand,  the  voltmeter  reading  is  nearly  half 
of  that  of  the  battery  voltage,  the  coil  is  in  good  condition.  This  test 
corresponds  to  that  with  the  lamp-testing  set  using  the  110-volt 
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current,  illustrated  in  Fig.  269.  It  is  a  method  which  also  permits 
one  coil  to  be  checked  a|:ainst  another  of  the  same  kind,  as  the  read- 
ings given  by  the  two  coils  should  be  approximately  the  same.  Where 
neither  a  1 10- volt  current  nor  a  portable  voltmeter  are  available,  these 
tests  may  be  carried  out  with  the  aid  of  a  6-volt  bulb  in  connection 
with  the  storage  battery,  as  shown  for  the  voltmeter  tests.  In  this 
case,  the  lamp  will  light  brightly  when  the  free  ends  of  the  wires  are 
brought  together,  but  it  will  dim  in  proportion  to  the  amount  of  extra 
resistance  added  to  the  circuit,  as  represented  by  the  coil  under  test. 
While  not  so  accurate  as  the  tests  with  the  volti^eter,  q^p^t|\ye 
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tests  are  also  possible  with  the  low-voltage  lamp,  a  very  perceptible 
difference  in  the  lighting  of  the  lamp  indicating  a  greatly  increased 
resistance.  When  using  curreiit  from  a  storage  battery  for  testing, 
care  must  be  taken  to  have  the  points  of  the  test  set,  or  ends  of  the 
wire,  clean  and  bright,  and  to  make  good,  firm  contact.  If  necessary, 
places  on  the  machine  at  which  the  test  points  are  to  be  applied  should 
first  be  scraped  or  filed  clean,  otherwise,  additional  resistance  will 
be  inserted  by  the  poor  contact  at  the  points,  as  for  example,  where  the 
latter  are  applied  to  a  painted  surface. 

To  test  for  grounds  in  a  field,  after  having  removed  all  ground 
connections,  as  mentioned  in  a  previous  paragraph,  place  one  end, 
or  point,  on  a  terminal  of  the  field  coi!  and  the  other  on  the  frame  of 
the  machine.  The  method  of  making  the  test  is  identical  with  that 
shown  in  Fig.  270,  except  for  the  substitution  of  the  voltmeter  for  the 
nO-volt  light  circuit.  If  the  coil  is  free  from  grounds,  the  voltmeter 
needle  will  remain  at  zero;  in  case,  there  is  a  ground,  there  will  be  an 
indication  on  the  instrument  and  the  worse  the  ground  the  greater  the 
^'alue  of  this  reading  will  be.  This  test  corresponds  to  that  illustrated 
in  Fig.  264. 

Short-Circuits  between  Coils.  The  test  for  short-circuits  between 
coils  is  similar  to  that  shown  in  Fig.  265  and  naturally  applies  to  all 
lighting  generators  where  the  two  windings  of  the  fields  are  concerned. 
Place  one  end,  or  point,  on  the  terminal  of  one  winding  and  the 
other  end  on  the  terminal  of  the  other  winding,  as  shown  in  Fig.  273. 
If  there  is  no  connection  between  the  coils,  as  should  be  the  case, 
the  voltmeter  needle  will  remain  stationary.  Any  movement  of  the 
voltmeter  needle  indicates  a  short-circuit  and  the  greater  the  value 
of  the  reading,  the  more  complete  is  the  short-circuit  between  the 
two  coils. 

In  order  to  make  these  tests  without  removing  the  machine  from 
the  car,  first,  disconnect  the  storage  battery  and  tape  the  disconnected 
terminals;  then,  insulate  all  the  brushes  by  placing  pieces  of  card- 
board between  them  and  the  commutators.  Disconnect  all  wires 
leading  to  generator  terminals,  and,  likewise,  all  wires  leading  to 
field-coil  terminals.  By  referring  to  the  circuit  and  wiring  diagrams 
for  the  particular  car  under  consideration,  all  these  leads  can  readily 
be  identified,  and  after  disconnecting  them,  the  field  coils  of  the 
machine  can  be  tested.     When  the  tests  indicate  that  tljt^^l^d^ils 


I.  I 

i  II 

Si 


3   I 

"    I 


■s 


§1 


it,  Google 


_i©-t-| 


I 
[-6- 


I 


3I 


85      j 


0- 

J' 


If 

I 


I 


) 


I 


I 

il 


fOj— ^M'i'''S>^^ 


ELECTRICAL  EQUIPMENT  411 

are  not  in  perfect  condition,  it  will  usually  be  found  advisable  lo 
remove  the  field  coils  from  the  machine  and  send  them  to  the  manufac- 
turer for  repair  or  replacement,  for  unless  the  fault  is  plainly  apparent, 
which  will  seldom  be  the  case,  the  repair  will  usually  be  found  to  be 
beyond  the  average  garage  facilities, 

DISCO  SYSTEM 
Twelve-Volt;  Single-Unit 

Dynamoior.  The  dynamotor  13  bipolar  with  both  windings 
connected  to  the  same  commutator. 

Regulation.  Constant  current-control  regulation  by  means  of  a 
vibrating  regulator  is  employed.  (See  description  of  the  Ward- 
Leonard  regulator,  Fig.  149,  Part  TV.) 

Operating  Devices.  Battery  Cut-Out.  The  cut-out  is  of  the 
conventional  type,  combined  with  the  current-control  regulator. 

Switch.  The  switch  is  the  spring-controlled  type  which  is  only 
closed  for  starting. 

Six-Volt!  Two-Unit 

Units.  Both  the  generator  and  the  starting  motor  are  of  the 
bipolar  type,  the  motor  being  designed  to  operate  through  a  Bendix 
drive. 

Instructions.  As  both  types  of  the  system  are  characterized 
by  standard  features  throughout,  instructions  given  in  connection 
with  other  systems  apply  here. 

DYNETO  SYSTEM 
Twelve-Volt;  Slntle-Unit;  SlnKle-Wlre 
Dynamotor.  Non^talling  Feature.  Both  windings  are  con- 
nected to  the  same  commutator.  No  battery  cut-out  is  employed, 
control  being  by  means  of  a  single-pole  knife-blade  switch,  which  is 
closed  for  starting  and  left  closed  as  long  as  the  engine  is  running. 
This  switch  also  controls  the  ignition  circuit.  Upon  closing  the 
switch,  the  dynamotor  acts  as  a  starter  and  turns  the  engine  over; 
as  soon  as  the  engine  takes  up  its  cycle  and  drives  the  dynamotor 
above  a  certain  speed,  the  latter  automatically  assumes  its  functions 
as  a  generator  and  begins  to  charge  the  battery.  Whenever  the 
speed  drops  below  that  point,  the  dynamotor  again  acts  ^^,p;Dlj(pr 
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to  turn  the  engine  over,  this  characteristic  being  termed  the  "non- 
stalling"  feature  of  the  system.  Provided  the  battery  is  sufficiently 
cbarged,  the  dynamotor  will  always  act  as  a  starter  (the  switch 
being  closed)  whenever  the  engine  is  inadvertently  stalled  or  its 
speed  drops  below  the  generating  foint  of  the  machine. 

Instructions.  The  switch  ;i.ust  never  be  left  closed  with  the 
engine  stopped,  and  when  the  car  is  stopped,  the  engine  must  not 
be  allowed  to  idle  at  a  very  low  speed,  as  in  either  case  the  battery 
will  be  run  down.  Instructions  for  lack  of  generator  capacity 
the  location  of  grounds  or  ahort-circuits,  and  the  like,  are  the 
same  as  for  other  systems. 

Six-Volt;  Two-Unit 

Generator.  The  gener- 
ator is  a  standard  shuat- 
wound  machine  of  the 
four-pole  type,  having  two 
wound,  or  salient  poles,  and 
two  consequent  poles,  (See 
Fig.  219,  Part  IV.)  It  is 
ordinarily  designed  to  be 
driven  at  one  and  one-half 
times  engine  speed,  but,  in 
common  with  other  makes, 
machines  wound  for  higher 
Fi«.  274.  sectioDri^view^^g  Detail,  of  Dyneio  ^^  lowcr  Speeds  are  fur- 
nished, according  to  the 
requirements  of  the  engine  on  which  it  is  mounted. 

Regulation.  Regulation  is  effected  by  means  of  a  vibrating 
regulator,  which  is  combined  with  the  battery  cut-out.  This  cuts 
in  at  a  speed  equivalent  to  10  miles  per  hour,  and  the  generator  reache.s 
its  maximum  normal  output  of  10  to  12  amperes  between  12  and  15 
miles  per  hour.  The  regulator  does  not  become  operative  until  the 
turrent  flow  increases  to  10  to  12  amperes,  at  which  point  it  is  held 
regardless  of  the  speed.  The  details  of  the  combined  regulator  and 
cut-out  are  shown  in  Fig.  274,  while  all  the  connections  are  shown  in 
the  diagram.  Fig.  275.  As  soon  as  the  dynamo  runs  fast  enough  tn 
cause  it  to  generate,  a  portion  of  the  eurrei^i^  pa^eg^^^t^^ug^  the 
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winding  A  of  the  cut-out.  Fig.  274.  This  is  ordinarily  known  as 
the  voltage  winding  and  is  of  fine  wire,  so  that  very  little  current  is 
required  to  energize  the  core  and  attract  the  armature  B,  which  closes 
the  contact  points  C  and  D.  These  points  close  the  circuit  through 
the  coil  E,  which  is  of  heavy  wire  and  is  known  as  the  current  coil. 
As  the  current  in  both  coils  is  in  the  same  direction,  their  exciting 
effect  on  the  magnet  core  is  cumulative,  and  the  points  are  held 
together  that  much  more  firmly. 

On  the  upper  aide  of  the  magnet  will  be  noted  another  armatiu^ 
F  and  a  set  of  contact  points  G  and  H.  This  armature  ia  subject  to  the 
same  magnetic  attraction,  but  the  tension  of  its  controlling  spring  is 


for  Dyoeto  Regulati 


such  that  the  magnet  is  not  strong  enough  to  move  it.  This  spring 
is  so  adjusted  that  any  increase  in  the  current  beyond  this  point  will 
cause  armature  /  to  be  attracted,  opening  points  G  and  H.  These 
points  are  du'ectly  in  the  shunt-field  circuit  and  a  resistance  coil  /  is 
connected  across  them,  so  that  when  the  points  are  together,  the 
resistance  is  cut  out  of  the  shunt-field  circuit;  when  they  separate,  . 
this  resistance  is  added  to  that  of  the  shunt  field.  With  a  charging 
rate  of  10  to  12  amperes,  the  tendency  toward  any  higher  output  with 
increased  speed  is  checked  by  the  almost  imperceptible  but  very  rapid 
vibration  of  the  annature  F,  which  cuts  the  resistance  unit  in  and  out 
of  the  circuit  and  causes  a  pulsating  current  to  be  sent  through  the 
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field  windings,  thus  keeping  the  output  within  the  required  limits. 
When  the  generator  speed  falls  below  the  normal  rate,  the  voltage 
drops  correspondingly  and  the  battery  current  overcomes  that  from 
the  generator  and  reverses  the 
current  flow  through  the  current 
coil  E.  This  reverses  the  naag- 
netic  effect  produced,  huckmg  that 
caused  by  the  generator  current 
in  the  coil  A,  and,  as  the  battery 
current  is  then  superior  to  the 
latter,  the  magnetic  effect  of  ^  is 
neutralized  and  the  armature 
B  is  forced  away,  opening  the 
contacts  C  and  D. 

Starting  Motor.  This  start- 
ing motor  is  of  the  standard 
series-wound  type  of  the  same 
characteristics  of  design  as  the 
generator.  In  Fig.  276  is  shown 
the  wiring  diagram  of  the  starting  circuit  and  illustrates  plainly  the 
relation  of  the  series  fields  B  and  E  to  the  armature  D  and 
the  brushes  E  and  C.  H  is  the 
starting  switch  and  A  and  G  are 
the  cables  of  a  two-wire  starting 
system.  Compare  Fig.  276  with 
Fig.  277,  which  shows  the  shunt 
windings  of  the  generator  and 
their  relation  to  the  armature 
and  battery.  In  Fig.  276  the 
dotted  line  from  G  to  ^  illus- 
trates a  supposed  short-circuit 
caused  by  chafing,  or  abrasion,  of 
the  insulation  of  the  wires. 

Wiring  Oiagrams.    Either 

the  single-  or  the  two-wire  system 

of  wiring  is  employed,  according  to  the  car  on  which  the  system  is 

installed.    Fig.  279  shows  the  one-iyire,  or  grounded,  system,  and 

Fig.  279  shows  the  two-wire  system- 
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Instructions.    In  case  of  failure  to  start,  the  switch  should  always 
he  released  instantly  and  the  battery  tested  to  determine  Its  condition 


Us.  278.    Wirinc  Diacruu  for  Dyneto  One-Win 

of  charge.     If  the  battery  is  not  run  down,  examine  all  connections 
and  wiring,  for,  if  a  short-circuit  exists  as  indicated  by  the  dotted  line 
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at  G  in  Fig.  272,  no  current  can  reach  the  motor.    Failing  to  locate 
any  short-drcuit  or  ground  in  the  system,  open  the^iiam^i^^^^y^ 
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on  the  starting  motor  and  inspect  the  brushes.  Lift  each  brush 
bolder  a  trifle  (if  they  are  in  proper  condition,  they  should  spring  back 
when  released)  and  press  the  brushes  firmly  against  the  commutator. 
(See  Gray  &  Davis  instructions  for  Spring  Pressures  on  Starting 
Motors.  These  pressures  are  not  the  same  on  all  makes,  but  this  will 
give  some  idea  of  the  high  pressure  necessary  to  make  the  contact 
required  to  handle  the  heavy  currents  used  in  the  starting  motor.) 
See  that  the  commutator  is  clean  and  the  brushes  are  making  uniform 
contact  all  over  their  surfaces.  Make  sure  that  the  two  leads  from 
the  field  colls  to  the  brush  holders  are  screwed  down  tightly. 

When  it  is  necessary  to  renew  the  brushes,  remove  the  eight 
screws  shown  holding  the  end  plate.  Remove  this  commutator 
housing,  or  end  plate,  leaving  the  brush  unit  in  place  on  the  ccon- 
mutator.  Remove  only  one  brush  at  a  time  and  replace  it  with  a  new 
one.  Note  bearing  of  brushes  on  commutator  and  sand-in  to  a  true 
and  uniform  bearing  over  the  entire  surface  of  the  end  of  each  brush. 
When  this  has  been  done,  carefully  clean  out  all  traces  of  carbon 
dust,  using  a  rag  wet  with  gasoline,  if  necessary;  a  small  bellows  may 
be  used  to  advantage  to  blow  this  dust  out  dry,  and  will  be  more  likely 
to  get  it  out  of  the  nooks  and  crannies  then  wiping.  After  the  brushes 
have  been  sanded-in  and  the  dust  all  cleaned  out,  see  that  both  brush 
leads  are  tight  and  then  replace  the  housing.  New  brushes  should 
be  necessary  only  after  a  year  or  two  of  service,  sometimes  longer; 
old  brushes  will  operate  just  as  efficiently  as  new  ones,  provided  tiiey 
have  a  bearing  all  over  their  surface  and  are  held  firmly  against  the 
commutator.  A  brush  becomes  too  short  for  further  use  only 
when  the  spring  can  no  longer  hold  it  in  good  contact  i^^ainst  the 
commutator.  When  ordering  brushes,  it  must  always  be  specified 
whether  they  are  wanted  for  the  generator  or  for  the  motor,  and  the 
type  of  machine,  as  stamped  on  the  name  plate,  must  be  given. 
This  applies  equally  to  the  brushes  needed  for  any  make  of  generator 
or  starting  motor,  and  no  other  brushes  than  those  supplied  by  the 
maker  for  the  machine  in  question  should  ever  be  used. 

QRAY  AND  DAVIS  SYSTEM 

Six-Volt;  Two-Unit;  Single-Wire 
Generator.    The  bipolar  generator  is  designed  for  drive  by 
silent  chain,  as  shown  in  Fig.  280,  or  when  combined  with  ignition 
distributor  from  the  pump  shaft,  Fig.  281.  un  i_  n   K.^\'y.iwi^ 
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Reflation.  Earlier  types,  including  the  original  lighting  gen- 
erator, were  of  the  eonatant-apeed  type  regulated  by  a  governor  and 
slipping  clutch,  which  maintained  the  speed  of  the  generator  con-  ' 
stant.  The  1914  and  subsequent  models  are  controlled  by  a  combina^ 
tion  regulator  cut-out,  usually  mounted  directly  on  the  generator 
itself.  The  regulator  increases  the  resistance  of  the  generator-field 
windings  in  proportion  to  the  increase  in  speed,  thus  maintaining  a 
steady  output. 

Starting  Motor.  The  series-wound  bipolar  motor  is  made  for 
either  open  or  enclosed  flywheel  drive,  according  to  the  type  of  car. 
In  Pig.  282  is  shown  the  open  flywheel  type.    The  illustrations  of 


Fig.  280.    Section  of  Gray  h  Davis  Geuerstor  for  SileaC^hiin  Drive 

both  generator  and  motor  show  them  with  the  side  plate  removed 
for  inspection.  The  type  of  starting  switch  employed  on  later 
models  is  shown  in  Fig.  283.  The  rod  passing  through  the  switch 
leads  to  the  pedal  on  the  footboards  for  operating  it. 

Instruments.  Either  an  indicator  showing  whether  the  battery 
is  charging,  discharging,  or  is  neutral,  or  an  ammeter  serving  the 
same  purpose,  is  supplied.  The  ammeter  is  provided  with  a  gradu- 
ated scale  and  its  normal  readings  should  be  as  follows:  Standing, 
no  lights  on,  zero;  with  hghts  on,  discharge  5  to  7i  amperes.  Car 
running  6  to  8  miles  per  hour,  lights  on,  discharge  same  rate.  Above 
8  miles  per  hour,  lights  off,  charge  5  to  9  amperes;  above  JO  milra 
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per  hour,  lights  on,  charge    3^  to  amperes.     Under  the  last-named 
coDdition,  the  lights  are  being  supplied  directly  by  the  generator 
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and  only  the  excess  current  is  charging  the  battery.    Whenever 
the  generator  output  drops  below  a  point  where  it  is  supplying 
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sufficient  current  to  light  all  the  lamps  that  are  on,  the  battery 
supplies  the  balance.    The  battery  is  thus  said  to  be  fioaled  on  the 
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line.    It  charges  or  discharges  according  to  the  current  supply  and 
the  demand  upon  the  latter.  u,  1 1    n  v^iv-ii^ivn^ 
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Regulator  Cut-Out.  The  regulator  is  of  the  constant>ciUTent 
type  and  on  the  Chandler,  Metz,  and  Chalmers  cars  is  set  to  allow  the 
generator  to  produce  a  minimum  of  8.5  amperes  and  a  maximum  of  11 
amperes;  on  the  Paige  the  minimum  is  the  same,  but  the  maximum 
is  12  amperes. 

To  Check  for  Adjustment.  Insert  the  portable  ammeter  with  the 
30-ampere  shunt  in  the  circuit  between  the  generator  and  the  regu- 
lator and  switch  on  all  the  lamps.  Speed  the  engine  up  so  that  the 
generator  is  running  above  1750  r.p.m.  Open  the  upper  set  of  points 
by  inserting  a  match  or  using  the  finger,  then  adjust  the  lower  set  of 
points  in  accordance  with  the  reading  of  the  ammeter.  Open  the 
lower  set  and  adjust  the  upper  in  the  same  way.     Run  the  machine 


Fig.  283.    Gray  £  Davis  Btutiog  Switi^h  with  Both  Terminals  Insulated 

with  both  sets  free,  and  the  ammeter  reading  should  fall  within  th». 
limits  above  given. 

To  Check  Candle  Power  of  Lamps.  These  instructions  are  given 
by  the  manufacturers  in  connection  with  a  special  bench  testing  set 
using  three  15-c.p.  lamps  in  multiple.  Check  the  candle  power  of 
the  lamps  on  the  car  to  see  that  their  total  does  not  exceed  45  e.p.,  as 
25-c.p.  headlights  are  sometimes  used.  The  employment  of  headlights 
of  this  high  power  should  be  discouraged  by  the  garage  man,  as  they 
needlessly  increase  the  load  on  the  battery  and  cause  a  blinding  glare. 

To  Check  for  Closing  Voltage.  The  points  of  the  battery  cut-out 
are  designed  to  close  at  6^  to  6  volts  from  the  gener^or  Md  are 
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designed  to  open  on  a  current  of  J  to  2  amperes  from  the  battery  on 
discharge.  Connect  the  low-reading  voltmeter,  scale  1  to  10  volts, 
across  the  generator  brushes.  Gradually  speed  up  the  generator  and 
note  the  voltmeter  reading  to  determine  the  voltage  at  which  the 
points  close.  If  not  correct,  adjust  the  cut-out  spring  to  bring 
the  closing  voltage  within  the  above  limits. 

To  Check  the  C.utting-0-ut  Point,  Connect  ammeter  in  battery 
and  cut-out  circuit,  using  low-reading  shunt,  1  to  3  amperes.  Have 
the  machine  running  at  a  speed  at  which  points  are  closed,  and  grad- 
ually slow  down,  observing  the  ammeter  reading  when  the  points 
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Open.  If  not  within  the  limits  given,  adjust  the  cut-out  spring  to 
bring  them  within  these  limits  by  tightening  or  loosening  the  spring 
tension  and  repeating  the  test.  Should  this  not  be  possible,  inspect 
the  points  to  see  if  they  are  clean  and  true,  and,  if  in  good  condition, 
check  the  distances  of  the  various  air  gaps  between  the  points  and 
between  the  armature  and  the  pole  piece,  or  stop,  as  shown  in  Fig.  284. 
Wiring;  Diagrams.  The  single-wire  system  is  standard,  but  in 
some  cases  the  motor  is  grounded  and  in  others  the  switch.  Among 
others,  the  Gray  &  Davis  system  with  grounded  motor  is  installed 
on  the  Peerless,  Chandler,  Steams,  and  Winton;  with  grounded 
switch,  it  is  installed  on  the  Chalmers.  Paiee.  and  Maxwell.     It  is 
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naturally  impos^ble  to  ^ve  complete  lists  of  installations  in  any 
case,  so  that  only  one  or  two  representative  makes  are  mentioned 
to  enable  certain  systems  to  be  identified  in  the  garage  when  desired. 
Grounded^MotOT  ATTangement.  Fig,  285  shows  the  Gray  &  Davis 
wiring  diagram  with  grounded  motor.  Cable  A  from  the  battery 
positive  terminal  connects  to  the  grounded  terminal  of  the  starting 
motor.  Cable  T  connects  an  insulated  terminal  on  the  starting  motor 
to  one  of  the  starting-switch  terminals.  Cable  C  from  the  starting 
switch  terminal  connects  to  the  battery  negative  terminal,  thus 
completing  the  circuit.    On  some  makes  of  cars,  cable  A  instead  of 


Fig.  28fl.    Gray  A  DariB  LighUng  Switch,  Rear  View 

connecting  directly  to  the  starting  motor  is  connected  to  the  frame 
of  the  car  or  grounded.  The  car  frame  carries  the  current  to  the 
grounded  terminal  of  the  starting  motor.  Wire  D  from  the  end 
of  cable  C  at  the  starting  switch  connects  to  the  lower  terminal  of 
the  indicator  (or  ammeter).  Wire  P  connects  dynamo  terminal 
L  at  the  regulator  to  the  lower  terminal  of  block  B  at  the  lighting 
switch,  Fig.  286  showing  a  rear  view  of  the  lighting  switch.  From  the 
terminals  at  the  fused  side  of  //  at  the  lighting  switch,  two  wires  con- 
nect to  the  right-hand  and  left-hand  head  lamps,  while  from  the  ter- 
minals at  the  fused  side  of  S  on  the  lighting  switch  corresponding 
wires  connect  to  the  two  small  lamps  in  the  headlights.  The  tail  lamp 
is  connected  from  the  fused  side  of  R  on  the  lighting  switch  and  in 
some  cases  to  the  dash  lamp,  while  the  electric  b""-"  and  ignition  are 
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connected  to  the  fused  side  of  B.  The  various  ground  connections 
are  as  follows:  battery  positive  by  cable  A  to  frame  at  grounded 
terminal  of  starting  motor;  generator  positive  terminal  to  the  frame 
of  the  dynamo  itself;  one  side  of  all  lamps  to  frame  of  car. 

GraundedrSwitch  Arrangement.  Fig.  287  is  the  Gray  &  Davis 
wiring  diagram  of  the  grounded-switch  type.  The  only  difference 
between  this  and  the  other  diagram  is  that  the  ground  connection 
is  taken  from  the  terminal  of  the  cable  A  to  the  switch  instead  of 
from  the  motor. 

Instructions.  When  the  indicator  does  not  indicate  charge 
though  the  engine  is  speeded  up,  but  indicates  dwckarge  with  the 
engine  stopped,  the  dynamo  or  the  regulator  may  not  be  working 
properly.  To  verify  this,  turn  on  all  the  lights,  run  the  engine  at 
a  speed  equivalent  to  10  miles  per  hour,  disconnect  the  wire  from  ter- 
minal B,  Fig.  285,  at  the  regulator  cut-out;  if  the  lights  fail,  either 
the  dynamo  or  the  regulator  is  at  fault.  Reconnect  the  wire  to 
terminal  B  and  remove  the  side  plate  from  the  dynamo  to  examine 
the  brushes.  Slide  the  brushes  in  and  out,  and  see  that  they  slide 
freely  in  the  brush  holders  and  make  good  contact  with  the  commu- 
tator and  that  the  wires  from  the  brush  holders  and  the  Eelds  to  the 
dynamo  terminals  are  firmly  connected.  If  the  dynamo  is  belt-driven, 
the  belt  may  not  be  tight  enough  to  rotate  the  dynamo  at  sufficient 
speed  to  charge  the  battery.  The  commutator,  if  coated  or  dirty, 
may  he  cleaned  while  rotating  by  holding  a  cloth  slightly  moistened 
with  oil  against  it. 

Should  these  tests  fail  to  remedy  trouble,  connect  a  wire  at  the 
regulator  cut-out  from  terminal  A  to  terminal  B.  With  lights  off, 
speed  the  engine  to  the  equivalent  of  10  miles  per  hour.  If  the  indi- 
cator then  shows  charge,  the  regulator  cut-out  is  at  fault.  Note 
whether  any  connections  on  it  are  loose  or  broken  from  vibration.  See 
that  the  contacts  are  clean  and  come  together  properly.  Take  a  match 
stick  or  small  piece  of  clean  wood  and  press  ihesn  together;  if  this 
remedies  the  trouble,  the  contact  points  are  at  fault.  Clean  them 
with  a  strip  of  fine  emery  cloth  or  with  a  very  small  fine  flat  file,  not 
taking  off  any  more  than  is  necessary  to  clean  and  true  up  the  points. 
In  case  this  treatment  does  not  put  the  cut-out  in  working  condition 
again,  the  manufacturer's  service  department  should  be  called  on 
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But  if,  under  conditions  just  given,  the  indicator,  or  ammeter, 
shows  neither  charge  nor  discharge,  the  dynamo  circuit  is  open. 
This  may  be  from  poor  brush  contact  or  from  a  loose  or  broken 
connection  at  some  other  point.  If  the  indicator  shows  discharge, 
reduce  the  engine  speed  to  the  equivalent  of  8  or  9  miles  an  hour;  then 
while  the  engine  is  running,  connect  another  wire  from  the  dynamo 
terminals  F  and  ^i  to  terminal  A .  If  the  indicator  then  shows  charge, 
the  regulator  is  at  fault,  as  this  wire  cuts  the  regulator  out  of  the 
charging  circuit.  While  making  this  test,  care  must  be  taken  not  to 
run  the  engine  any  faster  than  mentioned,  as  the  dynamo  is  not 
protected  by  the  regulator.  If  in  this  test,  the  indicator  still  shows 
discharge,  it  signifies  that  the  dynamo  field  circuit  is  open  or  that  the 
armature  is  short-circuited. 

Loose  CojiTtectiona.  If  with  the  engine  speeded  up  the  indi- 
cator does  not  show  charge  and  with  the  engine  stopped  and  the 
lights  turned  on  it  does  not  indicate  discharge,  there  is  an  open  or  loose 
connection  in  the  battery  circuit.  See  that  all  the  wires  are  firmly 
connected  and  that  the  contact  faces  are  clean.  Or  the  indicator 
itself  may  be  at  fault.  Verify  this  by  disconnecting  one  wire  from  it 
and  if  it  then  returns  to  neutral,  it  indicates  that  some  part  of  the 
wiring  is  grounded  on  the  frame  of  the  car  and  is  causing  a  short- 
circuit  which  is  discharging  the  battery.  But  if  after  disconnecting 
this  wire  the  indicator  shows  discharge,  it  is  at  fault.  See  if  the  pointer 
is  bent.  This  probably"  will  be  the  case  if  it  indicates  charge  with  the 
engine  stopped, 

Short-Circuils.  If  the  ammeter  discharge  reading  is  above 
normal,  it  may  indicate  that  higher  candle-power  lamps  have  been 
substituted  for  the  standard  bulbs,  or  that  some  of  the  lamp  wires 
are  short-circuited.  Intermittent  jerking  of  the  pointer  from  charge 
to  Tieutral  while  the  engine  is  being  speeded  up  also  indicates  a  short- 
circuit.  Repeated  blowing  of  fuses  indicates  short-circuited  lamp 
wires  or  defective  lamps.  Trace  the  wires  along  their  entire  length 
and  try  new  bulbs. 

Starting-Motor  Faults.  If  the  motor  does  not  rotate,  the  battery 
may  be  discharged.  In  case  the  engine  has  been  overhauled  just 
before,  main  bearings  may  have  been  put  up  so  tight  that  the  starting 
motor  has  not  sufficient  power  to  turn  it  over.  The  starting  switch 
may  not  be  makinf;  good  contact,  the  motor  brushes  may  oo^ibe 
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bearing  properly  on  the  commutator,  or  the  battery  terminals  may 
not  be  tight.  If  the  starting  motor  rotates  but  does  not  crank  the 
engine,  the  over-running  dutch  may  not  be  running  properly  or 
the  engaging  gears  do  not  mesh.  When  the  starting  motor  cranks  the 
engine  a  few  turns  and  stops,  the  battery  is  almost  discharged.  Unless 
the  engine  starts  after  the  first  few  revolutions,  do  not  continue  to  run 


the  starting  motor,  as  it  will  exhaust  the  battery  very  quickly. 
Look  for  causes  of  engine  trouble — lack  of  gasoline,  ignition  circuit 
ci>en,  or  the  like. 

Gray  &  Davis  Service  Tests.  Garages  caring  for  fifty  or  more 
cars  find  it  profitable  to  install  the  equipment  to  carry  out  the  neces- 
sary tests  of  electrical  apparatus  instead  of  referring  every  case  that  is 
beyond  the  ordinary  requirements  to  the  manufacturer  or  to  one  of 
its  service  stations.  The  makers  recommend  for  testing  generators 
and  motors  when  removed  from  the  car,  the  f^ollowing^^pf^r^us; 
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(1)  One  1-h.p.  electric  motor  with  Tttriable  speed  rheostat  (direct  current) 
giving  a  speed  range  of  600  to  1800  r.p.m.  This  is  where  only  one  machine  ia  to  be 
tested  at  a  time;  for  running  several  from  a  countershaft,  a  1-  to  2-h.p.  motor  is 
neceBsaiy.  (2)  Three  motor  pulleys,  2, 3,  and  7}  inches  in  diamet«r,  respectively, 
and  three  genovtor  pulleys,  2],  3,  and  5  inches  in  diameter.  (3)  Adjustable 
bases  for  holding  generators.  (These  can  be  obtained  from  Gray  &  Davis.) 
(4)  Portable  voltmeter  with  a  I5-valt  scale.  The  instrument  described  for 
general  testing  will  fill  this  requirement  as  well.  (5)  Ammeter  with  a  charge  and 
discharge  reading  to  25  amperes,  i.e.,  25 — 0 — 25.  (6)  One  tachometer,  or  rev- 
olution counter.  (7)  Four  Ediswan  base  sockets  and  three  I5-c.p.  7-volt  lamps, 
(8)  One  single-pole  single-throw  switch  and  two  single-pole  double-throw  switches, 
all  of  15-8mpere  capacity.  (9)  One  80-ampere-hour  6-volt  storage  battery. 
(10)  Sufficient  No.  10  flexible  cable  for  making  the  necessary  connections. 

The  above  apparatus  is  more  particularly  for  the' generator  tests. 
For  makiug  motor  tests,  the  following  are  necessary: 

(1)  Ammeter  reading  to  400  amperes.  (2)  One  spring  scale  reading  to  20 
pounds.  (3)  One  single-pole  single-throw  switch  of  200-ampere  capacity. 
(4)  Steel  clamp  and  base  for  motor.  (5)  One  6-inch  flanged  iron  pulley. 
(6)  Sufficient  No.  1  flexible  cable  for  connections. 

Generaior  Test  Chart.  In  order  to  enable  the  tester  to  check  the 
performance  of  the  generator,  the  test  chart.  Table  III,  has  been 
supplied.  The  method  of  mounting  the  J-h.p.  motor,  switches, 
instruments,  rheostat,  and  storage  battery  is  shown  in  Fig.  288, 
while  the  wiring  diagram  showing  the  method  of  connecting  up  the 
various  units  is  illustrated  in  Fig.  289.  Referring  to  the  test  chart. 
Table  III,  column  1  gives  the  types  of  generators  manufactured  by 
Gray  &  Davis.  To  determine  the  type  number,  it  is  necessary  to 
note  only  the  first  three  numbers  on  the  name  plate.  For  instance, 
2221541  indicates  type  222,  machine  1541.  This  applies  to  all 
machines  of  this  make  turned  out  since  September,  1915. 

Column  2  shows  the  amount  of  current  required  to  run  the  gen- 
erator as  a  motor,  or  to  "motorize"  it.  To  take  this  reading,  the 
posts  AF  and  F-1  should  be  connected  together  with  a  copper  wire 
and  the  wire  from  the  battery  connected  to  the  post  A.  The  ampere 
reading  and  the  speed  should  be  within  10  per  cent  of  the  figures 
given  in  column  2.  If  not,  remove  the  regulator  and  repeat  the  test, 
column  3  showing  the  proper  speed.  If  the  armature  is  shorted  it 
will  take  excessive  current,  the  ammeter  needle  will  fluctuate,  and 
the  speed  will  be  below  normal.  If  the  current  is  excessive  but 
steady  and  the  speed  is  high,  it  will  show  a  defect  in  the  fields  or 
the  field  connections,  as  indicated  in  succeeding  paragraphs,     n,,,^ 
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TABLE   III 

Teat  Chart  for  Qray  St  Davit  Qeneraton 

lufomutioD  for  Sarvice  Stotuma 
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Column  4  affords  a  check  on  other  defects  in  the  machine.  To 
take  this  reading,  connect  posts  A  F  and  F-1  together  in  order  to  give 
full  field  current,  place  machine  on  test  bench,  and  run  with  belt.  Speed 
the  machine  up  until  the  ammeter  indicates  10  amperes  with  the 
three  15-c,p.  lamps  in  circuit  and  the  battery  testing  1.250  or  over 
with  the  hydrometer.  Take  a  reading  of  the  speed.  This  should  not 
be  higher  than  that  ^ven  in  column  4.  A  higher  reading  will  indicate 
^ _     _  defective  fields,  a  high- 

resistance  armature,  pole 
pieces  loose  in  frame, 
slight  short-circuit  in 
armature,  defective 
brush  or  brush  contact 
at  commutator,  or  dirty 
commutator. 

The  purpose  of  col- 
umns 5  and  6  is  to  check 
the  action  of  the  regu- 
lator. To  take  this  read- 
ing, turn  on  the  three 
15-c.p.  lamps,  giving  a 
load  of  7}  amperes,  and 
observe  the  amount  of 
current  passing  into  the 
battery  with  the  amme- 
ter switch  in  position  £. 
The  reading  should  be 
within  the  limits  shown 
in  columns  5  and  6. 

Columns  7  and  8 
show  the  current  taken 
by  the  field  coils.  Connect  one  ade  of  the  battery  to  the  frame  of 
the  generator  and  the  other  side  through  the  ammeter  to  terminal  F. 
The  reading  should  not  be  greater  than  column  7  or  less  than 
column  8.  Repeat  the  test  at  terminal  F-1,  A  high  reading  will 
show  a  short-circuit,  and  a  low  reading  will  show  a  poor  connection 
or  a  high  resistance  in  the  field.  No  reading  at  all  will  indicate  an 
open  cireuit  in  the  field.  viv_iiivii^ 
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TABLE  IV 

T«st  Chart  for  Qray  &  Davla  Starting  Motor 
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Columns  9  and  10  show  the  current  output  for  which  the  gener- 
ator is  set  at  the  factory.  To  test  this,  place  the  ammeter  switch  in 
position  1  and  with  the  three  15-c.p.  lamps  turned  on  speed  the 
machine  above  1750  r.p.m.    If  the  reading  does  not  ^^,{Vfth|n 
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the  limits  given,  adjust  the  regulator  in  accordance  with  instructions 
given  below, 

StartiTig-Motor  Test  Chart.  Table  IV  is  provided  for  reference  in 
cases  where  the  motor  trouble  is  of  such  a  nature  that  it  cannot  be 
located  except  by  a  test,  i.e.,  in  the  windings.  Column  1  gives  the 
types  of  starting  motors,  which  may  be  identified  in  manner  the  same 
as  the  generators.  The  type  number  covers  the  motor  and  the  speed 
reducer. 

Column  2  shows  the  current  required  to  run  the  motor  free. 
The  reading  should  not  vary  by  more  than  25  per  cent  from  the  figures 
given.  A  high  reading  will  indicate  tight  bearings,  short-circuited 
armature,  or  field. 

Columns  3,  4,  and  5  show  the  speed  when  running  fight  with 
current  at  3  volts,  5J  volts,  and  6  volts.  The  test  should  be  made 
with  either  two  or  three  ceUs  of  the  battery.  A  low-speed  reading 
with  normal  current  will  indicate  loose  connections,  poor  brush  con- 
tact, dirty  commutator,  or  high  resistance  in  armature.  A  high- 
speed reading  will  indicate  a  short-circuit  in  the  field  windings. 

Column  6  gives  the  spring  pressure  on  the  brushes.  Where  the 
brushes  show  a  tendency  to  spark,  this  brush  pressure  should  be 
checked.  This  reading  is  taken  with  a  small  spring  scale  hooked  on 
to  the  brush  screw.  Read  the  number  of  pounds  required  to  just 
lift  the  brush  from  the  commutator.  The  reading  should  not  be  less 
than  the  figures  given  in  column  6.  Column  7  gives  the  reduction 
between  the  starting-motor  shaft  and  the  countershaft  which  carries 
the  sliding  gear. 

Columns  8  and  9  are  readings  showing  whether  or  not  the  motor 
is  capable  of  delivering  its  rated  power  on  normal  current  consump* 
tion  and  at  normal  speed.  The  reading  is  taken  by  putting  on  the 
shaft  a  load  requiring  a  turning  power  of  1 J  pounds  at  a  1-foot  radius. 
To  take  this  reading  the  flanged  pulley,  spring  scale,  and  a  cord  are 
employed  in  the  manner  shown  in  Fig.  290.  The  reading  on  the  scale 
corresponding  to  1|  foot-pounds  will  be  6  pyounds.  Thus:  IJ  foot- 
pounds times  12  inches  equals  18  inch-pounds,  which  divided  by  3 
inches  (radius  of  pulley)  gives  6  pounds  (scale  reading). 

To  take  the  reading,  close  the  switch  and  put  just  enough  tension 
on  the  cord  A  to  make  the  scale  read  6  pounds  and,  holding  this 
steady,  read  volts,  amperes,  and  speed.    The  speed  given  in  column  9 

*1» 
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is  taken  at  51  volts,  which  is  what  would  be  obtained  with  a  battery 
showing  1,250  or  over  on  the  hydrometer  test.  A  lower  voltage  will 
cause  a  lower  speed  reading.  In  the  majority  of  cases,  tests  made  with 
the  motor  running  free  will  show  any  defects,  but  in  case  these  tests 
do  not  reveal  any  trouble  and  the  motor  still  fails  to  operate  satis- 
factorily,  the  tests  for  which  the  proper  figures  are  given  in  columns  8 
and  9  should  be  carried  out. 

To  Adjust  CvirOvi.  The  contact  points  should  close  to  permit 
the  battery  to  charge  at  6  to  6J  volts;  they  should  open  the  circuit 
between  the  battery  and  the  generator  on  a  discharge  of  i  to  2 


amperes.  To  test  the  cut-out,  connect  the  voltmeter  across  the  gener- 
ator brushes  or  have  the  voltmeter  switch  in  position  1,  Fig.  289. 
Gradually  speed  up  the  generator  and  observe  the  voltmeter  to 
determine  the  closing  voltage.  The  closing  voltage  is  the  reading 
on  the  voltmeter  at  the  instant  that  the  cut-out  points  come  together. 
Adjust  the  cut-out  spring  to  bring  the  closing  voltage  within  the  limits 
given  above.  With  the  lamps  turned  off  and  the  ammeter  switch  in 
position  /,  slow  the  machine  down  and  observe  the  ammeter  reading 
when  the  cut-out  points  open.  Adjust  the  cut-out  spring  to  make  this 
reading  fall  within  the  above  limits.    In  case  a  satisfactory  result  is 
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not  obtainable  after  several  attempts  at  adjusting  the  spring,  check 
the  air-gap  distances,  as  given  below.  Correct  these  and  test  again. 
To  Adjust  Regulator.  With  all  connections  made  and  the 
ammeter  switch  m  position  1,  tiu-n  on  the  three  15-c.p.  lamps  and  speed 
the  machine  up  to  above  1750  r.p.m.  Open  the  upper  set  of  points 
with  the  aid  of  a  match  or  by  using  the  finger.  Adjust  the  lower  set 
of  points  by  the  ammeter  reading  so  as  to  bring  it  within  the  limits 
given  in  columns  9  and  10  of  the  generator  test  chart.  Repeat  the 
adjustment  on  the  upper  set,  opening  the  lower  set  while  the  test  is 
being  made.  Run  the  machine  with  both  sets  of  points  free  and  the 
reading  should  fall  within  the  limits  given  in  columns  9  and  10. 

HEINZE-SPRINQPIELD  SYSTEM 
Slx-VoIt;  Two-Unit;  Single-Wire 

Qenerator.  The  generator  is  of  the  multipolar  shunt-wound 
type  (four  poles)  with  brushes  spaced  90  degrees  apart,  bringing  both 
on  the  left  side  of  the  commutator  to  make  them  more  accessible. 
The  negative,  or  lower,  brush  of  the  generator,  Fig.  291,  is  grounded 
to  the  brush  holder,  which,  in  turn,  is  grounded  on  the  generator 
brush  head.  From  the  positive,  or  upper,  brush  a  wire  runs  to  the 
terminal  GEN.  BR.+  of  the  regulator  and  cut-out.  Fig.  292. 
From  this  terminal,  the  charging  circuit  leads  to  the  cut-out  contacts 
and  through  the  latter  and  the  series  winding  to  the  terminal 
BAT+  of  the  regulator  cut-out.  As  the  negative  brush  of  the 
generator  is  grounded,  the  negative  terminal  of  the  battery  and  one 
side  of  all  the  lights  are  grounded.  One  end  of  the  generator  shunt 
field  is  grounded  inside  to  the  generator  frame.  The  other  end  comes 
out  through  the  hole  provided  for  it  in  the  brush  head,  runs  to  the 
terminal  FLD  of  the  regulator  cut-out,  and  thence  to  the  contacts 
of  the  current  regulator  if  they  are  closed,  or  through  a  resistance  if 
they  are  open. 

Starting  Motor.  The  starting  motor  is  of  the  four-pole  series- 
wound  type  with  the  brushes  at  90  degrees  apart,  as  on  the  generator. 
The  positive  brush  is  on  top  of  the  commutator  and  carries  a  terminal 
to  which  is  connected  the  starting  cable.  The  lead  from  the  negative 
brush  divides,  part  of  the  current  passing  around  two  of  the  four  poles 
to  the  ground,  while  the  other  part  passes  throu^  the  other  two  poles 
to  the  ground  connection.     On  starting  motors  t^eani^^  ^e^a^i^imbers 
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below  5471,  the  grounded  ends  of  the  series  fields  were  soldered  to  the 
pole  pieces,  but  th'ig  has  since  been  altered  by  securing  the  two  ends 
of  the  series  field  to  a  ground  lead,  which,  in  turn,  is  secured  to  the 
bottom  of  the  motor  brush  head  by  means  of  a  hexagonal  nut  and 
lock  washer. 

While  the  system  is  of  the  two-unit  type  and  the  units  are  inde- 
pendent of  each  other  electrically,  they  are  combined  mechanically 
by  making  the  rear  heads  of  both  in  one  casting.  The  starting  motor  is 
the  upper  of  the  two  units,  the  lighting  generator  being  placed  directly 
beneath  it.    This  refers  to  the  set  supplied  for  installation  on  the  Ford. 


Fic>  ZSZ-    HeinwSptiiisBeld  Current  RccoUtor  and  B»tl«ry  CutpOut 

Method  cf  Operation.  Drive  is  by  means  of  a  silent  chain  directly 
to  the  sprocket  on  the  generator  shaft.  In  addition  to  the  sprocket 
in  question,  the  generator  shaft  carries  also  a  large  gear  adapted  to 
mesh  with  the  small  pinion  on  the  shaft  of  the  Bendix  drive  mounted 
on  the  shaft  of  the  starting  motor.  When  the  starting  motor  rotates, 
the  Bendix  pinion  automatically  engages  the  gear  on  the  generator 
shaft  and  drives  to  the  engine  through  the  silent  chain,  the  engagement 
being  broken  as  soon  as  the  engine  turns  over  under  its  own  power. 

Regulation.  Voltage  Regulator  and  Resistance.  The  current 
regulator  is  combined  with  the  battery  cut-out  and  the  combined  unit 
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is  mounted  directly  on  the  starting  motor,  Fig.  292.  The  regulator 
snde  of  the  relay  consists  of  two  contacts  B,  which  are  normally  held 
together  by  spring  tension  so  that  the  charging  current  does  not 
exceed  10  to  12  amperes.  When  the  voltage  rises  above  a  certain 
value  owing  to  the  increased  speed  of  the  engine,  the  regulator  arma- 
ture is  drawn  down,  separating  the  contacts,  and  the  current  must 
then  pass  through  the  resistance  unit  shown  beneath  the  coil.  This 
keeps  the  charging  current  down  to  the  value  mentioned. 

On  the  battery  cut-out  side,  the  relay  consists  of  two  contacts  A, 
which  are  normally  held  apart  by  spring  tension  when  the  engine  is 
not  running  or  is  running  too  slowly  to  charge  the  battery.  As  soon 
as  it  is  running  fast  enough  to  generate  sufficient  voltage  to  overcome 
that  of  the  storage  battery,  the  regulator  armature  is  drawn  down, 
closing  the  contacts.  This  occurs  at  an  engine  speed  equivalent  to 
about  6  miles  per  hour,  at  or  above  which  the  battery  is  always  charg- 
ing. When  the  speed  decreases  to  below  this  point,  the  pull  on  the 
armature  is  not  sufficient  to  hold  it  down,  and  the  contacts  are 
separated  by  the  spring  C. 

Starting  SwUck.  The  starting  switch  is  a  combination  dash 
switch  designed  to  control  the  starting,  lighting,  and  ignition.  In 
the  Ford  set,  the  current  for  starting  and  lighting  is  furnished  by  the 
battery,  while  the  ciu-rent  for  ignition  comes  from  the  Ford  magneto. 
Starting  is  accomplished  by  depressing  the  button  in  the  center  of 
the  switch,  while  the  lights  are  controlled  by  rotating  the  switch 
lever.  By  rotating  the  switch  lever,  the  ignition  rotor  connects  the 
contacts  M  and  C,  Fig.  399,  in  the  IGN.  ON  position  and  allows 
current  to  flow  from  the  magneto  through  the  switch,  coil,  and  plug 
connections.  The  lighting  rotor  of  the  switch  is  always  supplied  with 
current  from  the  battery  through  a  sliding  contact  of  the  wiping 
type.  When  at  the  "Lights  Dim"  position,  the  current  passes  through 
the  dimming  resistance,  the  ignition  remaining  undisturbed  by  this 
change.  The  switch  is  designed  to  lock  both  the  starting  contact 
and  the  lighting  and  ignition  lever  in  the  IGN.  OFF  "Lights 
Dim"  position  for  parking  at  night,  and  in  the  OFF  position  for 
the  daytime. 

Instrumenta  and  Protective  Devices.  Unless  specially  ordered,  an 
ammeter  is  not  provided  with  the  system  designed  for  the  Ford  but 
may  be  had  at  an  extra  cost  in  the  form  of  a  combinadon  panel 
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carrying  the  switch,  the  ammeter,  and  a  dash  light.  The  regulator  and 
the  cut-out  serve  to  protect  the  generator  and  the  battery,  respectively. 

Wiring  Diagram.  As  installed  on  the  Ford,  including  an  amme- 
ter and  dash  lamp  as  just  mentioned,  the  details  of  the  wiring  are 
shown  in  Fig.  401.  The  negative  side  of  both  the  generator  and  the 
starting  motor  are  grounded,  the  connection  being  split  in  the  latter 
case  and  two  grounds  made.  The  negative  side  of  the  battery  and 
one  side  of  all  the  lamps  and  the  horn  as  well  are  accordingly  grounded. 
As  ignition  cuirent  is  supplied  by  the  magneto,  the  only  connection 
of  the  ignition  system  with  the  lighting  and  starting  system  is  at  the 
combination  switch.  The  charging  current  from  the  generator  passes 
through  the  regulator  (lower  set  of  contacts)  and  when  the  engine  is 
running  at  a  speed  equivalent  to  6  miles  an  hour  or  more,  the  arma- 
ture of  the  cut-out  is  pulled  down  and  the  upper  set  of  contacts  closes. 
This  sends  the  charging  current  through  the  battery.  Should  the  ear 
be  driven  at  a  speed  which  causes  the  output  of  the  generator  to 
exceed  10  to  12  amperes,  the  regulator  armature  is  attracted  and  the 
regulator  contacts  separate,  thus  shunting  the  current  through  a 
resistance  which  immediately  serves  to  decrease  the  excitation  of  the 
generator  fields  and  correspondingly  reduces  the  current  output  of 
the  latter.  When  the  speed  of  the  engine  drops  below  a  point  where  the 
voltage  generated  is  insufficient  to  charge  the  battery,  the  cut-out 
contacts  are  separated  by  the  spring,  as  the  pull  of  the  magnet  is  then 
not  strong  enough  to  hold  it  down.  The  lights  are  supplied  directly 
from  the  battery,  as  will  be  noted,  the  diagram  making  clear  the  vari- 
ous positions  of  the  rotating  switch  to  give  the  different  combinations 
available.  The  various  connections  and  their  significance  will  be 
clear  upon  comparing  this  with  other  and  similar  wiring  diagrams. 

Instructions.  Failure  of  the  starting  motor  to  operate  is  usually 
caused  by  lack  of  current  in  the  storage  battery,  although  this  fault 
may  be  due  to  several  causes,  acting  either  separately  or  together. 
Lack  of  charge  in  the  battery  is  usually  caused  by  over-frequent  use  of 
the  starting  system  with  but  little  driving  between,  so  that  the  gen- 
erator is  not  given  an  opportunity  to  charge  the  battery.  Other 
causes  of  failure  are  treated  under  Starting  and  Lighting  Storage 
Batteries,  in  another  section. 

Starting  Motor.  The  starting  motor  may  not  operate  because  of 
internal  trouble.     This  may  take  the  form  of  an  open-  or  short- 
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circuited  armature  or  field,  dirty  commutator,  insufficient  tension  on 
brushes,  brushes  not  bearing  on  commutator,  or  grounded  brush 
holders,  armature,  or  field.  Of  these  various  causes  of  failure,  the 
first  is  liable  to  be  the  most  rare.  For  their  correction  see  the  various 
sections  on  testing  for  grounds  and  short-circuits  with  the  aid  of  the 
ammeter  also  on  care  of  commutator  and  brushes,  ^ven  in  connection 
with  the  description  of  other  systems.  The  attention  required 
is  identical  in  practically  every  case  and,  where  the  brushes  and 
the  commutator  are  concerned,  does  not  vary  even  in  detail  on  'the 
different  systems. 

Bendix  Drive.  Failure  of  the  Bendix  drive  to  operate  properly 
may  be  due  to  lubricating  the  screw  shaft,  on  which  no  oil  or  grease  is 
necessary,  since  it  will  work  better  without  it.  Putting  oil  on  this 
shaft  makes  impossible  the  "running  start",  which  is  the  great  advan- 
tage of  the  Bendix  drive,  i.e.,  the  starting  motor  should  almost 
instantly  attain  a  high  speed  the  moment  the  current  is  turned  on, 
but  the  Bendix  pinion  will  not  move  for  a  perceptible  interval.  When 
the  Bendix  pinion  does  move,  the  starting  motor  is  running  so  fast 
that,  at  the  moment  the  pinion  eng^es  suddenly,  owing  to  the  action 
of  the  spring,  the  engine  is  turned  over  the  first  compression  very 
much  easier  than  if  the  motor  had  to  start  nuder  load. 

Generator.  Trouble  in  the  generator  will  usually  be  manifested 
by  the  failure  of  the  machine  to  generate  a  terminal  voltage.  The 
first  warning  would  be  the  absence  of  any  reading  at  the  anuneter 
when  the  generator  should  be  charing,  the  engine  then  running  at  a 
speed  equivalent  to  6  miles  an  hour,  or  over.  If  no  ammeter  is 
employed,  the  discharged  condition  of  the  battery  may  be  traced 
either  to  the  generator  or  to  failure  to  drive  the  car  sufficiently 
during  the  daytime  and  between  starts  to  keep  the  battery  chained. 
If,  upon  test  with  the  hydrometer,  the  battery  indicates  rapid  recu- 
peration after  the  engine  has  been  running  for  15  to  30  minutes,  the 
generator  is  not  at  fault.  Should  the  battery  specific-gravity  test  not 
show  any  improvement  after  running  30  minutes,  the  fault  may  be 
either  in  the  generator  or  in  the  regulator  cut-out.  As  is  the  case 
with  the  starting  motor,  defects  in  the  generator  may  take  the  form 
of  a  dirty  commutator,  badly  worn  brushes,  insufficient  tension  of 
brush  springs  to  keep  the  brushes  bearing  on  the  commutator;  the 
positive  brush  may  be  grounded;  or  there  may  be  open-circuits  or 
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grounds,  or  short-circuits  or  grounds  in  the  field  or  armature.  In  any 
case,  the  attention  necessary  will  be  the  same  as  that  ah-eady  outlined 
for  similar  faults  on  other  systems. 

ReffulaloT  and  Cvi-Ovt.  The  regulator  and  cut-out  consist  of  a 
single  electromagnet  with  a  split  core  on  which  there  are  two  windings. 
The  primary  is  in  series  with  main  charging  circuit  and  the  sec- 
ondary is  shunted  across  the  motor  brushes.  If  the  generator  isatfault, 
the  battery  cut-out  naturally  will  not  work,  as  there  will  be  no  voltage 
to  operate  it;  but  there  will  be  times  when  the  generator  is  working  all 
right  and  the  regulator  is  at  fault,  although  it  may  be  difficult  at 
first  sight  to  make  sure  which  is  the  cause  of  the  trouble.  To  deter- 
mine this,  with  the  engine  running  at  a  speed  equivalent  to  6  miles  an 
hour  or  more,  press  the  battery  cut-out  contacts  together  with  the 
fingers.  If  the  ammeter  then  shows  a  charge  reading,  and  there  is  no 
dash  ammeter,  a  weight  may  be  placed  on  the  cut-out  armature  to 
keep  the  contacts  together  for  30  minutes  or  so,  and  if  the  battery 
then  shows  that  it  is  chai^ng,  the  cut-out  and  not  the  generator 
b  at  fault.  If,  with  the  cut-out  contacts  thus  held  together, 
there  is  no  sign  of  charging  the  battery,  the  generator  is  the  cause 
of  the  trouble. 

To  adjust  the  regulator  and  cut-out,  first  adjust  the  regulator 
side,  as  the  cut-out  is  dependent  upon  the  regulator  adjustment. 
Before  starting  the  engine,  remove  the  regulator  and  the  cut-out 
cover,  then  remove  the  wire  to  the  terminal  "BAT-I-"  and  insert 
an  ammeter  in  the  charging  circuit  at  this  point,  though  if  there 
be  an  ammeter  on  the  dash,  it  may  be  used.  Start  the  engine  and  run 
it  very  slowly.  See  that  the  regulator  contacts  are  together.  Fig.  292. 
At  a  speed  equivalent  to  6  miles  an  hour  or  over,  the  cut-out  contacts 
A  should  close,  and  with  the  contacts  at  B  closed,  the  ammeter 
should  show  a  reading  of  4  amperes.  If  contacts  A  do  not  close  at 
this  point,  there  may  be  too  much  tension  on  the  spring,  which  may 
be  remedied  by  bending  the  spring-holding  support  upward  at  C. 
Should  the  ammeter  reading  go  above  10  to  12  amperes  as  the  speed 
increases,  this  is  due  to  the  contacts  B  of  the  regulator  not  opening  as 
they  should.  The  tension  of  the  armatiue  spring  of  the  regulator 
should  then  be  lessened  by  bending  the  spring-holding  support  slightly 
upward  at  D.  Note  very  carefully  as  the  engine  speed  is  decreased 
that  there  is  enough  spring  tension  on  the  cut-out  armature  to  open 
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the  contacts  A  when  the  relay  is  demagnetized,  due  to  the  voltage 
of  the  battery  exceeding  that  of  the  generator. 

Trouble  in  the  regulator  and  cut-out  will  manifest  itself  in  two 
ways — insufficient  charging  current  or  no  charging  current  reaching 
the  battery  and  too  much  current  at  the  higher  car  speeds.  It  may  be 
due  to  several  causes,  acting  either  separately  or  collectively — the 
armatures  springs  may  be  out  of  adjustment;  the  current  or  voltage 
windings  may  be  short-circuited,  open,  or  grounded;  the  two  sets  of 
contacts  may  be  du-ty;  or  the  resistance  unit  may  be  open.  If  the 
ammeter  reading  fluctuates  though  the  engine  speed  remains  constant, 
it  is  an  indication  of  dirty  contacts.  They  should  be  trued  up  with  a 
file.  If  the  regulator  has  failed,  the  current  may  have  attained  a" 
value  of  30  to  40  amperes  and  caused  the  contacts  to  fuse  together. 
Separate  and  file  clean. 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OP 

ELECTRICAL  EQUIPMENT  FOR 
GASOLINE  CARS 

PART  11 


1.  What  is  meant  by  " polarization"  in  batteries? 

2.  (a)  Explain  bow  soot  forms  on  the.  spark  plug,  (b)  Give 
its  effect  on  ^nition.  (c)  Tell  how  this  trouble  is  overcome  in  the 
design  of  the  spark  plug. 

3.  What  is  the  characteristic  of  the  Duplex  ignition  system? 

4.  Sketch  the  Dixie  magneto. 

5.  Describe  and  illustratfi  a  single-cylinder  high-tension 
ignition  system. 

6.  Give  the  possible  firing  orders  in  a  6-cylinder  motor. 

7.  Give  a  complete  discusdon  of  ignitaon  setting  as  used  on 
the  Hudscn. 

8.  Give  two  reasons  why  the  coil  and  vibrator  are  unsatisfactory 
'for  ignition  work. 

9.  (a)  Why  should  an  engine  never  be  driven  at  normal  speed 
with  the  spark  retarded?  (b)  When  is  retardation  necessary; 
why? 

10.  Give  diagram  of  a  single-cylinder  low-tension  ignition 
system.    Why  is  it  not  used  for  automobile  engines? 

11.  What  oze  cable  must  be  used  where  the  maximum  current 
at  starting  is  250  amperes  and  the  distance  between  the  battery 
and  the  starting  motor  is  5  feet? 

12.  When  a  Dyneto  system  is  installed,  what  is  the  maximum 
allowable  voltage  between  the  motor  and  the  storage  battery  and 
what  is  the  allowable  loss  in  the  cable?  in  .^  n  ,  v.iv-'i-ivii^ 


REVIEW  QUESTIONS 

ON  THE  SUBJECT  OP 

ELECTRICAL  EQUIPMENT  FOR 
GASOLINE  CARS 


1.  What  type  of  contact-breaker  is  used  on  the  Westinghouse 
and  Remy  generators? 

2.  How  is  excessive  manlpulatioQ  of  the  spark-advance  lever 
overcome  in  the  Weatinghoufle  system? 

3.  Describe  the  operation  of  an  Atwater  Kent  imisparker. 

4.  Show  by  sketch  the  proper  counectionfi  for  the  Connecticut 
ignition  system. 

5.  Describe  the  operation  of  the  ^nition  relay  formerly  used 
in  the  Delco  system. 

6.  What  is  meant  by  "crowning"  a  spring? 

7.  Give  the  three  general  causes  for  failure  of  ignition  circuits. 
-g.    Describe  briefly  and  give  diagram  of  a  magnet  recharger. 
9.    Give  a  list  of  possible  causes  for  trouble  in  a  contact-breaker 

10.  What  type  of  interrupter  should  be  used  for  high-speed 
engines? 

11.  What  tyjw  of  interrupter  is  used  in  the  Connecticut  battery 
system? 

12.  Give  a  short  discussion  of  methods  which  should  be  used 
in  detecting  grounds  in  an  electrical  system. 

13.  What  method  was  used  to  connect  the  ignition  relay  on 
the  Delco  Junior  system  for  1914?  un  i_  n  .v^ivn.'^!!^ 
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Delco  third-brush  excitation  2 

Delco  wiring  diagrams  335,  3 

Buick  3 

Cadillac      -  3 

Dimmii^  devices  2 

electrical  2 

Disco  system  3 

six-volt;  two-unit  3 

twelve-volt;  single  unit  3 

Distributor  23, 

Distributor  leakage  1 

Distributor  in  Remy  system  1 

Distributors,  summary  1 

Dixie,  firing  order  and  ignition  ad- 
Dixie  magneto 
essential  elements 
timing 
Dodge,  firing  order  and  i^tion 

advance 
Dorris,  firing  order  and  ignition 

advance 
Dort,  firing  order  and  ^ixition  ad- 

Double-spark  ignition 

Driving  connections   of  starting 

motor  2 

Dry  cells,  defects  of 
Dual  ignition  system 
distributor 
Bosch  type 
Remy  type 
wiring  diagram 
Duplex  ignition  system 
Dyneto  system  3 

six-volt;  two  unit  3 

generator  3 

instructions  S 

regulation  l 


Dyneto  syetem  (contmued) 
ebt-volt;  two-unit 

etartii^  motor 

wiring  diogratofi 
twelve-volt;  aingle-uait;  single- 

dynamot«r 


EiHemann    centrifugal-^vernor 
automatically      timed 

Electric -honis  239 

care  of  240 

Electric     starting    and     lighting 

ByHt«ina  201 

general  features  201 

lifting  241 

methods  of  regulation  207 

protective  devices  216 

BtandardiEation  2  IS 

starting  motors  219 

transmiasioD   and   regulation 

devices  225 

variations  of  operating  units 

and  wiring  plans  203 

practical  analysis  of  types  247 

Electrical  equipment  for  gasoline 

cars  11-427 

electric   starting   and    lighting 

systems  201 

ignition  11 

practical  analysis  of  types  247 

testing,  adjustment,  and  main- 
tenance 122 
Electrical  equipment  types,  analy- 
sis of                                  247 
Auto-Ute  system                          266 
Bijur  system                                 283 
Bosch-RushiDore  system              308 
Delco  system                                    319 
Disco  system                                    39 1 
Dyneto  system                                 391 
explanation  of  wiring  diagrams    347 
Gray  &  Davis  system                   398 
Heinze-Spring6eld  system            420 

HcU^—For  VV*  numbrt  «*«  foot  of  pa0H. 


Electrical  equipment  types,  analy- 
sis of  (contbued) 
protective  and  testing  devices      2 

Electrical  symbols,  significance  of   2 
general  and  special  usage  2 

ElectricaUy  operated  switches  2 

Electrode  arrai^ement  in  spark 
plugs 

EUchart,  firing  order  and  ignition 
advance 

Empire,  firing  order  and  ignition 
advance 

Enger,  firing  order  and  ignition 
advance 

Erie,  firing  order  and  ignition  ad- 

Extemal  regulator  type  of  gencra- 


F.R.P.,  firing  order  and  ignition 

advance 
Fiat,  firing  order  and  ignition  ad- 

Field  coils,  testing  3 

grounded  fields  S 

open-circuits  in  fields  3 

short-circuits  between  coils  3 

short-circuits  between  windings  3 
voltmeter  field  tests  3 

Filaments  for  incandescent  lamps    2 

Firing  order 
firing  orders  and  ignition  ad- 
magneto  mounting 
possible  combinations 
typical  orders 
wiring 

Firing  orders  and  ignition  advance 
Men 
Apperson 
Auburn 

Austin  ^ 

Biddle 
Bour-Davis 
BrewstCT  ' 


Faing  orders  and  ignition  advance 

Firing  orders  and  ignition  advimce 

(continued) 

(continued) 

Buick 

78 

MitcheU 

86 

Cadillac 

78 

Moline 

86 

Caae 

78 

Monroe 

86 

Chadwick 

78 

Moon 

86 

Chalmers 

78 

Murray 

86 

Chandler 

79 

National 

86 

Chevrolet 

79 

Oakland 

87 

Chicago 

79 

OldamobUe 

87 

Coey 

79 

Packard 

87 

Cole 

79 

Paige-Detroit 

87 

DeDion 

79 

Pathfinder 

88 

Dixie 

80 

Patterson 

88 

Dodge 

80 

Peerless 

88 

Dor™ 

80 

Fierce-Arrow 

88 

Dort 

80 

PiUiod 

83 

Elkhart 

80 

Premier 

89 

Empire 

80 

Princess 

89 

Enger 

80 

PuUman 

8S 

Erie 

81 

Regal 

8£ 

F.R.P. 

81 

Reo 

90 

Fiat 

81 

Rosa 

90 

Ford 

81 

Saxon 

90 

Franklin 

81 

90 

Glide 

81 

Simplex 

90 

Grant 

81 

Singer 

90 

Hollier 

81 

Spaulding 

90 

Homer-lAt^hhn 

82 

Sphinx 

90 

Hudson 

82 

Standard 

91 

Hupp 

83 

Steams 

91 

Interstate 

83 

Studebaker 

91 

Jackson 

83 

Stutz 

91 

Jeffeiy 

83 

Sun 

91 

King 

84 

Thomas 

91 

Kisselkar 

84 

Trumbull 

91 

Kline 

84 

Velie 

92 

84 

Westcott 

92 

Liberty 

84 

WUlys-Overland 

92 

84 

Winton 

92 

Madiecm 

85 

Fixed-spark  ignition  systems 

68 

Marion-Handley 

85 

Ford,  firing  order  and  ignition  ad- 

Marmon 

85 

vance 

81 

MaxweU 

86 

Ford  ignition  system,  summary 

183 

McFarlaa 

85 

Ford  magneto                             54, 

130 

Mercer 

86 

care  of 

130 

86 

current  supply  and  distribution 

57 

NMt.-^Par  jBf  numt 


Ford  magneto  (continued) 

misSring  53 

Franklin,  firing  order  and  ignition 

advance  81 

Fuses  in  electrical  equipment  237,  259 


G 


207,  212,  249 


Generator 

symbol  for  2 

Generator  design  follows  magneto 

precedent 
Generator  output,  control  ot  2 

Generator  tests 
Auto-Lite  system  2 

Gray  &  Davis  eyslem  4 

Glide,  firing  order  and  ignition 

advance 
Grant,  firing  order  and  ignition 

advance 

Gray  &  Davia  system  3 

generator  3 

Gray  &  Davis  service  te8(«  4 

to  adjust  cut-out  4 

to  adjust  regulator  4 

generator  test  chart  4 

starting-motor  test  chart  4 

instructions  4 

loose  connections  4 

short-circuits  4 

starting-motor  faults  4 

instruments  3 

r^iulation  3 

regulator  cut-out  4 

to  check  for  adjustment  4 

to    check    candle    power    of 

lamps  4 

to  check  for  closii^  volt^e      4 

to  check  cutting-out  point        4 

starting  motor  3 

wiring  diagrams  4 

grounded-motor  arrangement  4 

grounded-s witch  arrangement  4 

Grounded-motor,  Gray  &  Davis 

system  4 

Grounded-switch,  Gray  &  Davis 
system  4 


Grounds 
symbol  for 
tracing  for 


Headlight  glare  2 

Heinze-Springfield  system  4: 

generator  4 

instructions  4 

Bendix  drive  4: 

generator  4: 

regulator  and  cut-out  1 

starting  motor  4: 

regulation  4: 

instruments    and    protective 

devices  4 

starting  switch  4 

voltage  r^ulator  and  resist- 
ance 4; 
starting  motor  4 
wiring  diagram  4: 
Herz  ball-governor  automatically 

timed  system 
High-tension  cables  in  electrical 

equipment  ' 

High-tension  ignition  eysbem      14,  1 
summary  li 

High-tension  magneto 
circuit 
description 
safety  gap 
type  with  coil 
wiring  connections 
HuUier,  firing  order  and  ignition 

advance  • 

Homer-Laughlin,  firing  order  and 

ignition  advance 
Hudson,  firing  order  and  ignition 

advance 
Hupp  83,  290,  2 

Hydrauhc    analogy    in    ignition 
system 
current 

office  of  condenser 
transformer 


ILyGOO^IC 


Page 

Incandeecent  lamps  241 

Bosch  type  241 

Maeda  type  241 

tungsten  and  other  fil&ments       241 

iDdepeodent  controUere  211 

Induction  coil,  symbol  for  250 

induction  sources  of  ignition 

current  32 

Inductor-type  magneto  39 

timing  4t 

typical  construction  details  and 

current  production  39 

Ignition  II 

chemical  sources  of  current  16 

fundamental  ignition  prmciplee      11 
ignition  ayetema  48,  99 

induction    sources   of   current- 

32 


modem  battery  ignition  systems 
eourcM  of  current 
spark  timing 
summary  of  instructions 
testing  adjustment  and  main- 
tenance 
voltage  and  spark  control  de- 


Page 

Ignition  system  48,  99 

modern  battery  systems  99 

standard  types  48 

Inherently  controlled  generator        200 
BoBch-Rushmore  type  211 

Delco  third-brush  excitation        210 
Weetinghouse  type  209 

Installation  of  starting  motor  225 

Interrupters 
Delco  112,  118 

Reray  110 

summary  170 

Interstate,  firing  order  and  ignition 

advance  83 


Jackson,  filing  order  and  ignition 

advance 
Jeffery  S3,  287, ; 

Jefiery-Bijur     electrical     ^stem, 

diagram  for 


131  K 

123      K™Bi  firing  order  and  ignition  ad- 


'A 

Ignition  advance  (see  Firing  orders 

and  ignition  advance)  77 
Ignition  batteries,  summary  180 
Ignition  current,  sources  of  16 
chemical  16 
magnetos  32 
voltage  and  spaHc  control  de- 
vices 18 
Ignition  failure,  general  causes  of  191 
Ignition  methods,  changes  in  18 
Ignition  principles,  fundamental  11 
disthictions  between  low  tension 

and  high  tension  U 
faulty  ignition   cause  of  much 

early  trouble        .  1 1 

high-tension  system  14 

low-tension  system  13 

Ignition  Hettii^  point  71 

upper  dead  center  73 

Ignition  switch  in  Remy  system  110 
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437 


Kisselkar,  firing  order  and  ignition 

advance 
Kline,  firing  order  and  ignition 

advance 


Lamp  voltages  2 

Leakage  at  distributor  1 

Lexington-Howard,    firing  order 

and  ignition  advance 
Liberty,  firing  order  and  ignition 

advance 

Lighting  2 

dimming  devices  2 

headlight  glare  2 

incandeecent  lamps  2 

tamp  voltages  2 

lighting  batteries  2 

reflectors  2 

Lighting  batt^ies  2 

Liquid  batteries  1 


Page 
Iiocomobile,  firing  order  and  igni- 
tion advance  84 
Looee  connections  in  Gray  &  Davis 

eystem  410 

Low-teneion  ignition  system      13,  131 

eununary  131 

Iiow-t«nsion  magneto  33 


M 

Madison,  firing  order  and 


i  ignition 


Magnet  rechai^r  1 

Magnetic  plugs 

Magneto  32,  126,  1 

breakdown  ot  1 

Dixie 

high-tension 
inductor-type 
low-tension 
magnetos  for  8-cylinder  and  12- 

cylinder  motors 
summary  1 

timii^ 
typical  construction  details  and 

current  production 
working  principle 
Magneto  mounting 
Magneto  speeds 
Magneto  timing 

Magnetos  Eor  8-  and   12-cylinder 
motors 
compound  distributor 
path  ot.  current 
Magnets,  weak  1 

Maintenance  of  electrical   equip- 
ment 1 
Marion-Handley,  firing  order  and 

^ition  advance 
Marmon,  firing  order  and  ignition 

advance 
Master  vibrator 
Maxwell,  firing  order  and  ^nition 

advance 
Mazda  incandescent  lamp  2 

McFarlan,  firing  order  and  ^nition 

advance 
Mea  method  ot  advancing  spark 


Mercer,  firing  order  and  ignition 

advance 
Militaire,  firing  order  and  ignition 

advance 
Misfiring 
Mitchell,  firii^  order  and  ignition 

advance 
Moline,  firing  order  and  ignition 

advance 
Monroe,  firing  order  and  ignition 

advance 
Moon,  firing  order  aad  ignition 

advance 
Motor  windings  and  poles  S 

commercial  forms  ! 

standard  designs  2 

Multi-vibrator,    complications  of 
Murray,  firii^  order  and  ignition 

advance 

N 
National,  firing  order  and  ignition 

advance 
Non-vibrator  coil 

O 

Oakland,  firing  order  and  ignition 
advance 

Oldsmobile,  firing  order  and  igni- 
tion advance 

Oscillograph  diagrams,  analyws  of 


Packard  87, 304 

Paige-Detroit,  firing  order  and  ig- 
nition advance  87 

Parabolic  reflector  243 

Pathfinder,  firing  order  and  igni- 
tion advance  88 

Patterson,  firii^E  order  and  ignition 

advance  88 

Peerless,  firing  order  and  ignition 

advance  88 

Pierce-Arrow,  firing  order  and  ig- 
nition advance  88 

Pilliod,  firing  order  and  ignition 

advance  89 


Note. — For  pai/e  n 


te  fiKt  of  p'H/tt. 


Plug  threads  28 

Premier,  Bring  order  and  ignition 

advance  89 

Primary  batteries  16 

defects  of  di*y  cells  16 

liquid  batteries  17 

Priming  plugs  28 

Princess,  firing  order  and  ignition 

advance  S9 

Protective  devices  216 

automatic  battery  cut-out  216 

circuit  breaker  218 

various  forms  216 

Protective  and  testing  devices,  use 

of  257 

circuit  breaker  257 

fuses  259 

handy  test  set  260 

tracing  for  grounds  258 

Pullman,  firing  order  and  ignition 

advance  39 

R 

Reflectors  243 
comparison    of    parabohc    lens 

type  243 

parabolic  type  243 

types  for  various  locations  243 

Regal,   firing  order  and  ignition 

advance  89 

Regulation,  methods  of  207 
constant-current  generator  207 
constant-potential  generators  212 
independent  controllers  211 
inherently  controlled  generator  209 
necessity  for  control  of  genera- 
tor output  207 

Regulation  devices                    170,  225 

Remagnetizing  127 

Remy  ignition  system                50,  108 

detecting  grounds  109 

ignition  switch  1 10 

interrupter  and  distributor  1 10 

Reo,  firing  order  and  ignition  ad- 

Resiatance,  symbol  for  249 

Retard  of  spark  59 

S^te. — 'For  pa^e  nufobtrt  tee  foot  of  poffte. 


Roller  clutch 

Roller  contact  timer 

Ross,  firii^  order  and  ignition  ad- 


Safety  gap,  sparking  at  I 

Safety  gap  in  magneto 

Saxon,  firing  order  and  ignition 

advance 
Seripps-Booth  90,  290,  3 

Series  plugs 

Short-circuits  I 

Simplex,  firing  order  and  ignition 

advance  ■ 
Singer,   firing  order  and  ignition 

advance 
Single-unit  electrical  systems 

202,  283,  319,  3 
Single-wire  electrical  system 

compared  with  two-wire  2 

diagrams  for 

250,  277,  312,  335,  349,  405.  4 
Slipping-clutch,  regulation  of  gen- 
erator by  2 
Spark,  effect  of  compression  on         1 
Spark  control  devices 
Spark  plugs                           24,  125,  1 

electrode  arrangement 

fundamental  requisite 

magnt'ic  plugs 

plug  threads 

priming  plugs 

series  plugs 

summary  1 

waterproof  plugs 
Spark  timing 

advance  and  retard 

automatically  timed  systems 

effect  of  irregular  sparking 

Eisemann    centrifugal-governor 
type 

firing  order 

Here  ball-governor  type 

ignition  setting  point 

ignition-system      fixed      timing 


10  INI 

Page 
Spark  timing  (continued) 

magneto  speeda  67 

Sparkii^,  efiect  of  irregular  59 

Sparking  at  safety  gap  126 
Spauldii^,  firing  order  and  ^^tion 

advance  90  ' 
Sphinx,  firii^  order  and  ignition 

advance  90 
Standard,  firing  order  and  ignition 

advance  91 
Standard  ignition  systems  48 
double-spark  54 
dual  ignition  48 
duplex  ignition  53 
Ford  magneto  54 
Standardisation  of  electrical  equip- 
ment 218 
Starting    and    lighting    develop- 
ments, effect  on  ignition  99 
Starting  motor  219 
clutches  230 
driving  connectione  228 
installation  225 
modem  electric  starting  syet«m 

anticipated  sixteen  years  220 

motor  windings  and  poles  223 

requirements  in  design  221 

voltage  223 

wide  variation  in  starting  speeds  222 
Starting-motor  faults  in  Gray  & 

Davis  system  410 
Starting-motor  teat  chart  for  Gray 

&  Davis  system  413 

Starting  speeds,  wide  variation  in  222 

practice  becoming  standardized  222 

Starting  switches  233 

miscellaneous  235 

Westinghouse  234 

Steams,  firing  order  and  ignition 

advance  91 
Storage  cells  117 
Studebaker,  firing  order  and  igni- 
tion advance  91 
Stutz,  firing  order  and  ignition  ad- 
Sun,  firing  order  and  ignition  ad- 
vance 91 


Switches,  summary 

Switches  in  starting  and  lighting 

systems  '. 

electrically  operated  J 

miscellaneous  starting  1 

Westit^ouse  starting  '. 

Symbols,  significance  of  '. 

goieral  and  special  usage  ', 


Tables 
test  chart  for  Gray  &  Davis  gen- 

'   eraUtis  i 

test  chart  for  Gray  A  Davis 

'    starting  motor  4 

Test  Bet  "  S 

always  test  lamp  2 
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special  testing  instruments  ! 

voltage  tests  ! 

Testing  122,  280,  359,  375,  '. 

armatures  i 

battery  cut-out  ! 

circuit  breaker  5 

contact  breaker  1 

current  supply  1 

CUtrOUt  i 

field  coils  i 


■mijag  123, 3 

Testily    devices    (see    Protective 

and  testing  devices,  use  of)  2 
Testing  instruments,  special  2 

Third  brush,  adjusting  3 

Thomas,  firing  order  and  ignition 

advance 
Time  factor  of  induction  coil,  ad- 
justing for 
Timer,  summary  170,  1 

Timer  with  resistance  unit  used 

with  Del  CO  system  1 

Transformer 

Trananissioa  and  reg-ilation  de- 
vices 2 
automatic  engagement  ! 
back-kick  releases  2 
clutches  £ 


TransmissioQ  and  regulation  de- 
vices (continued) 
drivii^  coimectionB  228 

electric  horna  239 

fusee  "  237 

installAtion  225 

switches  233 

Trumbull,  firing  order  and  ignition 

advance  91 

Tungsten  filaments  for  incandes- 
cent lamps  241 
Two-unit  electrical  aysteme     202, 
266,  283,  308,    346,   391, 

392,  398,  420 
Two-wire  electrical  Byateia 
compared  trith  single-wire  203 

diagrams  for  254 

U 

"Uniaparker,"  operatiop  of  103 


Velie,  firing  order  and  ^nition  ad- 
Vibrator  coils,  summary  1 
Vibrators  1 

complication  of  multi-vibrator 

master  vibrator 

necessity  tor 

non-vibrator  coll 
Voltage  drop,    importance  of  in 
electrical  equipment 

effect  on  lights 
Voltage  and  spark  control  devices 

changes  in  ignltioQ  methods 

coils  and  vibrators 

condenser 

contact  makers  or  timers 

distributor 
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Voltage  and  spark  control  devices 
(continued) 
hydraulic   anal<%y  in   ignition 

system 
spark  plugs 
Voltage  standards  2 

Voltage  of  starting  systems  2 

Voltage  tests  2 

W 
Ward-Leonard  automatic  cut-out  2 
Waterproof  plugs 

Weak  magnets  (  1 

Wescott,  firing  order  and  ignition 

advance 
Westinghouse  ignition  unit  1' 

Westinghouse  inherently  control- 
led generator  2 
Westinghouse  starting  switch  2 
Willys-Overland,  firing  order  and 

ignition  advance 

Winton  92,  287,  2 

Wiring,  testing  3 

locating  breaks  in  wires  3 

locating  gromida  3 

locating  shorts  3. 

Wirii^  connections  of  ignition  sys- 


Wirii^    diagrams    of     electrical 

equipment    52,  247,  277, 
287,  312,  335,  349,  396,  405,  424 
significance  of  symbols  247 

sii^e-wire  system  250 

two-wire  system  254 

Wirii^  in  electrical  equipment  92,  123 
calculating  size  of  cable  95 

effect  on  lights  95 

importance  of  good  connections    96 
importance  of  voltage  drop  94 

inspection  of  123 

necessity  for  high-tension  cables     92 
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